Shade tree establishment and growth as influenced by methods of fertilizer application by Haberecht, Frederick Harland
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1-1-1981
Shade tree establishment and growth as influenced
by methods of fertilizer application
Frederick Harland Haberecht
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Agriculture Commons, and the Horticulture Commons
This Thesis is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University Digital
Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University Digital
Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Haberecht, Frederick Harland, "Shade tree establishment and growth as influenced by methods of fertilizer application" (1981).
Retrospective Theses and Dissertations. 17493.
https://lib.dr.iastate.edu/rtd/17493
Shade tree establishment and growth as influenced by 
methods of fertilizer application 
by 
Frederick Harland Haberecht 
A Thesis Submitted to the 
Graduate Faculty in Partial Fulfillment of the 
Requirements for the Degree of 
MASTER OF SCIENCE 
Major: Horticulture 
Signatures have been redacted for privacy 
Iowa State University 
Ames, Iowa 
1981 
INTRODUCTION 
LITERATURE REVIB~ 
Response to Fertilization 
Method of Application 
Time of Application 
MATERIALS AND METHODS 
Experiment 1 
Experiment 2 
RESULTS 
Experiment 1 
Experiment 2 
DISCUSSION 
Experiment 1 
Experfment 2 
SUMMARY 
REFERENCES 
ACKNOWLEDGEMENTS 
APPENDIX 
ii 
TABLE OF CONTENTS 
page 
1 
3 
3 
3 
7 
10 
10 
16 
20 
20 
64 
68 
68 
78 
80 
82 
89 
90 
1 
INTRODUCTION 
t~any methods are employed for the fertilization of ornamental trees 
via soil application. Several of these methods were in use prior to 1700 
in approximately the same manner as used currently (15). Included in this 
group are the surface broadcast, backfill incorporation, and punch bar 
methods of application. 
More recently developed methods of fertilizer application have pri-
marily been variations on the original punch bar technique, in which fer-
tilizer is placed in soil perforations made at set intervals beneath the 
tree canopy. Early refinements in the punch bar method involved mechani-
cally injecting fertilizer into the soil. In 1929, Irish (33) described a 
technique of applying fertilizer into previously drilled soil perforations 
by compressed air. Beilmann (9), in 1936, described a method of injecting 
fertilizer into the soil with water by means of a 11 fertilizer gun. 11 
The most recent variations of the punch bar method have been attempts 
to simplify the application process and/or to slow the rate of ferti 1 izer 
release. The application process has been simplified by the development of 
solid fertilizer 11 Stakes 11 or 11 Spikes 11 which can be driven into the ground 
with a hammer (52). A slower period of fertilizer release has been made 
possible through the development of micropore release packets (3, 76), and 
by fertilizer materials which have an inherently slow rate of fertilizer 
release (76). 
Although a proliferation of methods of shade tree fertilization has 
occurred, a scientific evaluation of their relative effectiveness has, 
for the most part, been lacking. In the limited number of experiments 
2 
evaluating common methods of shade tree fertilization, few have been con-
ducted on recently transplanted trees (48, 49), and none have attempted 
to evaluate the possible effect of the interaction between timing and 
placement. 
The purpose of this experiment was to study the effect of method and 
timing of fertilizer placement on reestablishment of trees in a landscape 
environment. 
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LITERATURE REVIEW 
Response to Fertilization 
Trees in a landscape environment are frequently established and main-
tained in situations where a normal cycling of nutrients is not possible 
(60, 70, 79). Often, the growth of such trees can be enhanced by the ap-
plication of supplemental nutrients to the soil (14, 36, 44, 49, 64). At 
times, the enhancement in growth can be dramatic. Attoe et al. (4), in a 
field study on silver maple (Acer saccharinum) planted in a topsoil-sub-
soil filled area, observed that NPK-fertilized trees had a 16% increase in 
caliper over unfertilized trees. 
Method of Application 
The positive response of trees in a landscape environment to the ap-
plication of supplemental nutrients, combined with the high value of such 
trees, has facilitated the development of a myriad of fertilizer applica-
tion methods. Although diverse in name, most common methods of applying 
fertilizer to the soil can be grouped into specific categories. Methods 
of application for established trees usually involve either the injection 
of a soluble fertilizer into the soil, the placement of dry fertilizer in 
soil perforations, or the application of dry fertilizer to the soil sur-
face. The fertilization of shade trees at the time of planting, although 
not often recommended (8, 22, 53}, usually involves one of the above place-
ment schemes, or the incorporation of dry fertilizer into the planting hole 
backfill. Recent reviews on the subject of shade tree fertilization by 
Smith (68} and Gartner (22) discussed rates, mechanics, and the relative 
merits of various application methods. 
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Several field studies have been conducted in which the growth of un-
fertilized trees has been compared to the growth of trees that have been 
fertilized using a particular method of application. On the basis of this 
type of comparison, trees fertilized with liquid injection (47), soil per-
foration placements (44, 82), surface broadcast (14, 20, 64), and backfill 
incorporation {77) have been shown to have superior growth to unfertilized 
trees. 
Results of field studies comparing the effectiveness of different 
methods of fertilization on trees in a landscape environment have been 
largely inconclusive. In a field study on established pin oak (Quercus 
palustris), honey lOCUSt (Gleditsia triacanthos), and White ash (Fraxinus 
americana), Neely et al. (49) found that nitrogen placement on the soil 
surface, in soil perforations, and as liquid injections into the soil were 
of equal effectiveness in promoting caliper growth. Chadwick et al. (17), 
in a field study on mature Norway maple (A. platinoides), observed that 
applications of NPK-fertil izer to the soil surface resulted in greater 
caliper increases than did applications in soil holes, or injections into 
the soil with air or water. Smith (67), in a field study on recently es-
tablished trees, found little difference in growth between trees treated 
with nitrogen on the soil surface and those treated with placements of 
nitrogen in soil perforations. Smith (66) reported that both surface and 
soil perforation placements of NPK-fertilizer significantly increased cal-
iper growth of pin oak (Q. palustris), silver maple (A. saccharinum), and 
sweet gum ( Liquidambar styraciflua), while surface applications to green 
ash (F. pennsylvanica lanceolata) failed to promote a significant growth 
response. 
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The failure of trees in a landscape environment to respond to fertili-
zation, regardless of the method of application, has been reported by some 
researchers (48, 54, 55). Pridham, in studies on mature American elm 
(ulmus americana) (54) and red oak (Q. rubra) (55) failed to show a growth 
response when nitrogen was applied on the soil surface or in soil perfora-
tions. A similar response was observed by Neely (48) in a study on estab-
lished pin oak (Q. palustris), tulip tree (Liriodendron tulipifera), Norway 
maple (A. platinoides), and honey locust (G. triacanthos). 
Field studies comparing methods of fertilizer placement on fruit trees 
have yielded mixed results. Kaindl et al. (38) reported that liquid in-
jections of phosphorus were six times as effective as surface applications 
in terms of growth and phosphorus content of apple. Kaindl and Frohner 
(37) noted a similar superiority of liquid injections over surface appli-
cations of phosphorus in an experiment on apricot. In contrast, Baroccio 
and Manzo (6) found that surface applications of NP-fertilizer were super-
ior to liquid injections in terms of caliper growth, and foliar nitrogen 
and phosphorus concentrations of peach. 
The effectiveness of a method of fertilizer application is, in part, 
a function of the spacial distribution of the fertilizer imparted by the 
method. Methods of fertilization which result in localized placements of 
fertilizer are at a spacial disadvantage because of the minimal lateral 
movement of applied fertilizer (63), and the relative immobility of phos-
phorus in the soil (10, 72). This spacial disadvantage of localized fer-
tilizer placements may be ameliorated to some degree by the compensatory 
uptake of nutrients by roots in zones of locally elevated nutrition (21, 
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25, 34). Making an adjustment for compensatory uptake, de Wit (80), on 
the basis of his physical theory on the placement of fertilizer, concluded 
that: 
11 The relative efficiency of placed fertilizer is maximized when it is 
applied in narrow bands at low rates. When it is applied in narrow 
rows at high rates, crop yields are lower than those achieved by 
broadcasting. 11 
In some instances, localized placements of fertilizer may be advantageous. 
In the case of water soluble phosphorus, treabnent methods which minimize 
soil contact should result in less fixation than treatment methods that 
call for a greater dissemination of fertilizer in the soil {72). 
The selective placement of radioactive tracers within the root zone 
of trees has been one experimental approach used in evaluating placement 
of fertilizers. In one such experiment, Broeshart and Nethsinghe (11) 
found the uptake of 32p and 1 5N by mature apple to be greater from a depth 
of 20 em than from a depth of 10 em. A similar response to 32P placement 
has been observed in experiments on apple (2) and rubber (65). The uptake 
of 32P by olive was found to be greater when placed at a depth of 25 em at 
six localized points around the trunk, than when placed on the soil sur-
face, or in bands (57). Hernando et al. (30), working with citrus, ob-
served that 25 em deep placements of 32P were initially superior to sur-
face applications, but that surface application resulted in a greater 
amount of uptake when measured after 120 days. 
The presence of turfgrass in areas in which trees are grown is a con-
sideration in evaluating methods of shade tree fertilization. Turfgrass 
has been shown to have a depressing effect on the growth of woody ornamen-
tals (29, 51, 59, 74). Nielsen and Wakefield (51), on the basis of their 
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experiment on woody shrubs grown in an established stand of Kentucky blue-
grass, attributed this depression in growth to a competition for nitrogen. 
The recovery of applied fertilizer by turfgrass can be considerable (1, 39, 
41). Killan et al. (39) observed a 50% recovery of applied nitrogen by an 
established stand of Kentucky bluegrass, when nitrogen was topdressed at 
a rate similar to the rates commonly recommended for the fertilization of 
shade trees (22, 68). 
Time of application 
Studies comparing the growth of landscape trees fertilized during 
different periods of the year have had mixed results. Jacobs (36), in a 
field study on Norway maple (Acer platinoides) and American elm (ulmus 
americana),found no conclusive difference between the growth of trees 
fertilized with nitrogen in April and those fertilized in October. 
Chadwick (16) observed a similar response in a long-term study comparing 
the growth of spring versus fall fertilized American elm (u. americana). 
Whitcomb (75) compared the growth response of Japanese black pine (Pinus 
thunbergi) and Shumard oak (Quercus shumardi) fertilized with NPK either 
in the spring only, in the spring and fall, in the fall only, or in April, 
June, August, and October. On the basis of the first two years of growth, 
he concluded that: 11 lf only one fertilizer application can be made per 
year, it should be done from mid-September to Mid-October. 11 Neely et al. 
(49) compared the caliper growth of pin oak (o. palustris) fertilized 
with nitrogen either in April only, in April, June, August, and October, 
or in October only, and found that trees fertilized with all or part 
of the fertilizer applied in June or October grew less than those 
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receiving applications in April exclusively. De Werth and Chadwick (20), 
on the basis of a comparison of twig and caliper growth of English elm 
(u. campestris) and sugar maple (A. saccharum) fertilized with nitrogen 
either in the spring or the fall concluded that: "Spring applications are 
more beneficial than fall treatments except with nutrients that are slowly 
available." 
Experiments measuring the year-round uptake of nitrogen by deciduous 
fruit trees grown in sand and solution culture have shown the pattern of 
uptake to be continuous, but variable. Weinbaum et al. (73), working with 
non-bearing prune trees grown in sand culture, reported that nitrate up-
take efficiency was 10 times higher during the growing season than during 
dormancy. Grasmanis and Nicholas (28) noted that apple trees grown in 
solution culture absorbed a higher absolute amount of nitrogen during the 
growing season than between leaf fall and the resumption of shoot growth. 
Delap (19) and Taylor et al. (71) noted that summer applications of 
nitrate to deciduous fruit trees grown in sand culture were more effective 
in terms of the amount of shoot growth and nitrogen assimilation than were 
applications made in the spring or autumn. The application of a moderate 
level of nitrate during all three periods was found to be superior to 
spring and autumn application, but not as effective as summer applications 
in terms of shoot growth and nitrogen uptake (19). 
In comparison to other application periods, autumn applications of 
nitrogen have been shown to delay leaf abscission in apple {19}, pear 
(71), and peach {78), and to promote earlier leaf development in apple 
( 19). 
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In some woody plants exhibiting several flushes of shoot growth dur-
ing the growing season, the timing of fertilizer applications relative to 
each flush of growth can be important (26). Gilliam and Wright (26), in 
a study on containerized Helleri holly (Ilex crenata •helleri•), found that 
applications made after the cessation of shoot growth, but before the next 
flush of growth, resulted in greater shoot growth and total tissue nitro-
gen than did applications made during other periods. 
Introduction 
10 
MATERIALS AND METHODS 
Experiment 1 
The purpose of this experiment was to study the effect of placement 
and timing of fertilizer applications on the growth and foliar mineral 
concentration of recently planted trees in a landscape environment. A 
field experiment using pin oak (Quercus palustris) and silver maple (Acer 
saccharinum) was conducted during 1978 and 1979. Sixty trees of each 
species were planted at the Iowa State Horticulture Farm in April, 1978. 
At the time of planting, silver maples averaged 225 em in height and pin 
oaks averaged 192 em in height. Trees were obtained from Carlton Nursery 
Co., Dayton, Oregon. 
Bare root trees were planted in a well-established Kentucky bluegrass 
turf. The planting holes were dug with a tractor-mounted soil auger, and 
were approximately 60 em deep and 60 em wide. Planting holes were spaced 
4.67 m apart on center. Eight em of wood chips were applied to the area 
immediately around the planting hole in June of both seasons. 
Treatments 
Fertilizer treatments were made either at the time of planting exclu-
sively, or in split applications over a two year period. Trees fertilized 
with either full (once only) or split applications received the same amount 
of fertilizer (227.2 g) over the term of the experiment. Treatments were 
arranged in a randomized complete block design with six replications. 
There were 10 trees per species per block. 
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Full application treatments were: 
(1) Control; 
(2) Liquid injection; 
(3) Surface broadcast; 
( 4) Backfi 11 i ncorpora ti on; 
(5) Jobe•s Tree Spikes; 1 
( 6) Ross Super Tree Stakes. 2 
Split application treatments were: 
(1) Liquid injection- spring and fall; 
(2) Ross Super Tree Stakes - spring and fall; 
(3) Liquid injection- spring, midsummer and fall; 
(4) Ross Super Tree Stakes - spring, midsummer and fall. 
Initial fertilizer treatments {split and full) were applied between 
April 21 and May 5, 1978. Applications which were split into four por-
tions were additionally applied on August 27, 1978, April 28, and August 
29, 1979. Applications which were split into six applications were addi-
tionally applied on June 27 and August 27, 1978, and April 28, July 1, 
and August 19, 1979. 
Trees fertilized with Jobe•s Tree Spikes received a total of 36.3 g 
of nitrogen (N), 7.9 g of phosphorus (P), and 15.1 g of potassium (K). 
Jobe•s Tree Spikes were composed of a 16-8-8 (N-P 205-K 20) fertilizer de-
rived from ammonium sulfate, diammonium phosphate, and potassium chloride. 
IA product of International Spike, Inc., Lexington, Kentucky. 
2 A product of Ross Daniels, Inc., West Des Moines, Iowa. 
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Ross Super Tree Stakes fertilized trees received a total of 36.3 g of 
nitrogen (N), 9.9 g of phosphorus (P), and- 17.0 g of potassium CK}. Ross 
Super Tree Stakes were composed of a 16-10-9 (N-P 205 -K20} fertilizer whic~ 
included 0.45 percent zinc and iron. The fertilizer contained ammonium 
sulfate, ammonium polyphosphate-sul fate (with complexed zinc and iron}, 
and potassium chloride. The same fertilizer was used for the liquid in-
jection, backfill incorporation, and surface broadcast treatments. 
Full application treatments Liquid injections of fertilizer were 
made with a Ross Rootfeeder. 3 Injections were made at three locations 
around the tree. Each site of injection was approximately 24 em deep and 
30 em from the trunk. The amount of water used at each injection was con-
trolled by opening the valve on the rootfeeder for a predetermined number 
of seconds. 
In the surface broadcast treatment, granular fertilizer was applied 
to a circular area, 60 em in diameter, around the trunk. Following appli-
cation, a superficial incorporation of the fertilizer into the soil sur-
face was made ~Ji th a rake. 
In the backfill incorporation treatment, granular fertilizer was 
mixed thoroughly into the soil removed when augering the planting hole. 
As each tree was planted, the excavated soil was returned to the planting 
hole. 
Jobe's Spikes and Ross Stakes were placed on opposite sides of the 
tree, each approximately 30 em from the trunk. Placements were made so 
3A product of Ross Daniels, Inc., West Des Moines, Iowa. 
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that the top of each stake or spike was approximately 5 em below the soil 
surface. 
Split application treatments Split applications of fertilizer on 
pin oaks were made at three locations 30 em from the trunk both seasons. 
Split applications on silver maples were made at three locations 30 em 
from the trunk in 1978, and at five locations 50 em from the trunk in 1979. 
During all but the initial treatment period, an amount of water equivalent 
to that used in the liquid injection treatment was applied, by surface 
irrigation, to all trees not fertilized by .1 iquid injection at that treat-
ment time. 
Growth measurements 
The caliper, spread, and height of all trees was measured in May, 
1978, and at the end of the 1978 and 1979 growing seasons. Additional 
measurements of caliper were made at regular intervals during both growing 
seasons. Measurements of caliper were taken at a point on the trunk 15 em 
above the soil surface. The point of caliper measurement was marked with 
paint. Spread was determined by measuring the distance of greatest hori-
zontal extension across the canopy in two directions, at right angles to 
each othe~ and dividing this figure by two. 
Some pin oak and silver maple trees were asymmetric in habit. To 
compensate for this, measurements of aerial growth other than height and 
spread were taken. Pin oaks were measured for total current-season shoot 
growth after each growing season, and after each episode of shoot growth 
in 1979. On silver maple, a measurement of shoot extension of the 10 
longest current-season shoots was determined after each growing season. 
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As a means of determining the rate of shoot elongatton of s:i.lver 
maple during the 1979 season, five branches were selected from the upper 
one-half of each tree and measured at regular intervals during th.e season. 
Shoots were selected on their apparent vigor at the start of the growing 
season. 
The rate of shoot elongation of pin oaks in 1979 was estimated By 
dividing the total amount of shoot growth per episode, by the time dura.-
tion of that episode of shoot growth. 
The stage of bud development on pin oaks was rated at regular inter-
vals during both seasons. The approximate date of initial bud break in 
1973 was determined by visually rating the stage of bud development at two 
week intervals. In 1979, the approximate date of bud break for each flush 
of growth was determined by visually rating the stage of bud development 
at four day intervals, conmencing on May 4. Bud break on pin oak was con-
sidered the. stage of development at which bud scales of terminal buds were 
no longer contracted, and the bud swelled to 3 em in length. 
The approximate date of initial bud break on silver maples was deter-
mined in 1979 by visually rating the stage of bud development at four 
day intervals, corrmencing on May 4. Bud break on silver maple was con-
sidered to be the stage of development at which the bud swelled to l em 
in length. 
In order to estimate the approximate date of bud set on silver maple 
in 1979, bud development was evaluated at one week intervals from Septem-
ber 7 to October 5. Bud development was evaluated on the five branches 
which had been selected for the measurement of the rate of branch elonga-
tion. Bud set was considered to be the stage of development at which 
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the lamina of the terminal pair of leaves from three of the five branches 
had senesced. 
Mineral analysis 
Pin oak leaf samples, including petioles, were collected from each 
tree on June 30 and August 13, 1979. The June collection was confined to 
young, fully expanded leaves produced during the first flush of growth. 
The August collection was confined to young, fully expanded leaves pro-
duced during the second flush of growth. Leaves were collected from ran-
dom locations throughout the crown of the tree. 
Silver maple leaf samples, including petioles, were collected from 
each tree on July 27, 1978 and August 5, 1979. The youngest fully ex-
panded leaves, selected from random locations throughout the crown, were 
collected for analysis. 
Leaf samples were dried in a forced air oven at 60°C for at least 48 
hours. Dried samples were then ground in a Wiley mill to pass through a 
40-mesh screen. Total nitrogen was determined according to the micro-
Kjeldahl procedure reported by Nelson and Sommers (50). To analyze leaf 
tissue for P, K, Mg, Ca, Fe, Mn, and Zn, 0.5 gram samples were ashed in a 
muffle furnace at 505°C for five hours. The ash residue was dissolved 
in 5.0 ml of 6.0 N HCl brought to a boil, filtered, and diluted to 50 ml 
with distilled water. The vanadomolybdodate phosphoric acid yellow color 
method in HCl system (25) was used to determine phosphorus. The deter-
mination of K, ~1g, Ca, Fe, Mn, and Zn was made using a Perkin-Elmer Model 
403 Atomic Absorption Spectrophotometer. 
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Statistical analysis 
Pin oak and silver maple datawere statistically analyzed separately. 
Data from full application treatments were analyzed by single degree of 
freedom F tests on five orthogonal comparisons (7, 69). The orthogonal 
comparisons are diagrammed below. 
Fertilization Method 
I 
Control Fertilizer 
Solid Liquid injection 
I 
Subsurface Surface broadcast 
r 
Backfill incorporation Soil perforation 
I 
Jobe's Spikes Ross Stakes 
Data from once at planting only and split application treatments via 
liquid injection and Ross Stakes were grouped together and statistically 
analyzed as a factorial (6, 50). 
Experiment 2 
Introduction 
To further investigate the effect of method of fertilizer placement on 
the growth and foliar mineral concentration of recently planted trees in a 
landscape environment, 25 Scotch pine (Pinus sylvestris) were planted at 
the Iowa State University Horticulture Farm in September, 1978. The trees, 
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which had been growing in 15.14 liter containers, were planted in an estab-
lished stand of Kentucky bluegrass. Trees were obtained from Bailey Nur-
series, Inc., St. Paul, Minnesota. Trees were approximately 60 em in 
height when planted. Planting and maintenance was done in accordance with 
procedures described in Experiment 1. 
Treatments 
Treatments were arranged in a randomized complete block design with 
five replications. 
Placement treatments were: 
(1) Surface irrigation without fertilizer (control); 
(2) Liquid injection without fertilizer (subsurface irrigation); 
{3) Liquid injection with fertilizer; 
(4) Soil perforation placements of solid fertilizer; 
(5) Surface broadcast. 
A 10-20-20 (N-P2 05 -K2 0) commercial fertilizer (Ross Evergreen Food) 4 
composed of ammonium sulfate, monoammonium sulfate, monoammonium phosphate, 
and potassium nitrate was used in these treatments. A total of 120 g of 
fertilizer containing ·12.0 g of nitrogen (N), 10.3 g of phosphorus (P), 
and 19.9 g of potassium (K) was applied per fertilized tree. The 120 g of 
fertilizer was divided into four equal portions and applied on April 29, 
May 25, June 24, and July 22, 1979. 
Liquid injection treatments, with and without fertilizer, were made 
using a Ross Rootfeeder. During injections, the Rootfeeder tube was 
4A product of Ross Daniels, Inc., West Des Moines, Iowa. 
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inserted into the soil to a depth of 24 em at each of three application 
sites placed 30 em from the trunk. The volume of water injected at each 
site was controlled by opening the flow valve on the Rootfeeder for a pre-
determined number of seconds. All trees not treated via liquid injection 
were watered by surface irrigation without fertil.izer with an amount of 
water equivalent to that used in the liquid injection treatments. 
The soil perforation method involved the placement of fertilizer tab-
lets in soil holes 24 em deep and made at three locations around the tree, 
each 30 em from the trunk. Holes were made with a soil sampling probe. 
In the surface broadcast treatment, granular fertilizer was applied 
in a circular area, 60 em in diameter, around the trunk. Following appli-
cation, a superficial incorporation of the fertilizer was made with a rake. 
Mulch, when present, was removed prior to the application of fertilizer, 
and replaced when the application was completed. 
Growth measurements 
The growth response of Scotch pine was evaluated on the basis of in-
crease in trunk caliper, length of current-season terminal leader, and 
length of needles on the terminal leader. Caliper was measured between 
the two lowest whorls of branches. 
Mineral analysis 
Needles for mineral analysis were selected from the middle portion of 
the current season's terminal leader, and collected on September 28, 1979. 
Needles were analyzed for N, P, K, Ca, Mn, Fe, and Zn according to proced-
ures outlined in Experiment 1. 
19 
Statistical analysis 
Data were analyzed by single degree of freedom F tests of four orthog-
onal comparisons (7, 69). The orthogonal comparisons are diagrammed below. 
No fertilizer 
Surface 
i rri ga ti on 
Method of fertilization 
Subsurface 
i rri ga ti on 
Liquid 
injection 
Fertilizer 
r 
Surface 
broadcast 
Solid 
I 
I 
Soil 
perforation 
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RESULTS 
Experiment 1 
Influence of fertilizer placements made exclusively at planting 
Growth response of silver maple Silver maple, in terms of caliper 
growth, responded relatively quickly to fertilization (Figure 1). A 
greater rate of caliper growth of trees fertilized exclusively at planting, 
compared to unfertilized trees, was evident by midsummer of the first sea-
son (1978). Fertilized trees continued to exhibit a slightly greater rate 
of caliper growth throughout the second season. 
Associated with the greater rate of caliper growth of fertilized trees 
was a significantly greater annual increase in caliper, spread, and shoot 
extension in 1978 and 1979 (Table 1). Fertilized trees had increases of 
48% in caliper, and 107% in height over unfertilized trees in the first 
season (1978), and increases of 34% in caliper and 72% in height the second 
season (1979). Fertilized trees had a significantly greater increase in 
height compared to unfertilized trees in 1978, while in 1979, no signifi-
cant difference was noted. 
Liquid injections of fertilizer significantly promoted caliper growth 
of silver maple in 1978, compared to applications of solid fertilizer 
(Table 1). A similar, although nonsignificant, difference between liquid 
injections and solid applications of fertilizer was found in height, spread 
and shoot growth in 1978, and in all growth parameters in 1979. Subsurface 
applications of solid fertilizer were no more effective in promoting cali-
per, spread, height, and shoot growth of silver maple in 1978 and 1979 
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Figure 1. Cumulative caliper growth of Acer saccharinum, 1978 and 1979. Trees fertilized 
exclusively at planting versus unfertilized trees 
N ...... 
Table 1. The effect of fertilizer placement on caliper, height, spread, and shoot extension of Acer 
saccharinum, 1978 and 1979 
Annual growth rate (em) -
Orthogonal Calieer Height seread Shoot extensiona 
comparison 1978 1979 1978 1979 1978 1979 1978 1979 
Control 0.98** 1. 27 ** 27.3** 36.7 18.3 68.2 34.5 55.8 
Fertilizerb 1.45 1. 70. 56.6 63.0 39.9** 89.8* 58.3** 76.5** 
Solid 1.41* 1. 71 54.5 60.7 39.2 87.2 57.3 75.6 
Liquid injection 1.61 1.83 65.2 72.2 42.8 100.5 63.7 80.2 
Subsurface 1.41 1. 73 56.5 63.4 37.5 83.7 57.8 76.8 
Surface broadcast 1.38 1.68 48.5 52.5 44.3 97.7 55.5 71.8 
Backfill incorp. 1.46 1. 70 57.4 68.7 34.8 76.2 57.0 74.3 
Soil perforation 1.39 1. 75 65.6 60.8 38.8 87.4 58.3 78.1 
Jobe's Spikes 1.48 1.86 67.2 51.3 40.2 81.0 61.5 75.5 
Ross Stakes 1. 30 1. 63 47.7 70.2 37.5 93.8 55.0 81.7 
aThe mean length of the 10 current-season shoots growing to the greatest length each season. 
bAll fertilizer applications were made exclusively at planting. 
* Indicates significance at the 5% level • 
. **Indicates significance at the 1% level. 
N 
N 
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than were surface applications of granular fertilizer. In both seasons, 
only a minor difference was noted between the growth of trees treated with 
backfill tncorporations of ferttlizer, and trees treated with soil perfora-
tion placements of solid fertilizer, or between trees fertilized with Jobe's 
Spikes and Ross Stakes. 
The date of second season spring bud break in silver maple was vir-
tually simultaneous for all trees, regardless of the fertilizer treatment 
made at planting (Table 2). No significant difference was noted in the 
date of second season bud set between fertilized and unfertilized trees, 
or among trees compared on the basis of specific treatment groupings. 
Table 2. The effect of fertilizer placement on the date of bud break and 
bud set Of Acer saccharinum in 1979 
Orthogonal 
comparison 
Control 
Fertilizerb 
Solid 
Liquid inject ion 
Subsurface 
Surface broadcast 
Backfill incorp~ 
Soil perforation 
Jobe's Spikes 
Ross Stakes 
Day of bud breaka 
4.6 
4.6 
4.6 
4.6 
4.7 
4.6 
4.0 
5.0 
6.0 
4.0 
Weeks after September 7 
3.0 
2.3 
2.3 
2.2 
2.4 
2.0 
1.7 
2.8 
2,2 
3.3 
aThe stage of bud development was measured at four day intervals. 
Measurement of bud break commenced on May 4. 
bAll fertilizer treatments were made exclusively at planting. 
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Silver maple exhibited a pattern of continuous shoot extension during 
the second growing season (Figure 2). The rate of shoot extension was 
relatively constant from bud break until late July. The rate of shoot ex-
tension slowed in August, and virtually stopped in early September. 
Foliar mineral concentration of silver maple Silver maple trees 
which were fertilized exclusively at planting had significantly higher 
late July foliar concentrations of N, P, K, and Mn in the first season 
compared to unfertilized trees (Table 3). A significantly lower foliar 
concentration of Mg was noted in fertilized trees compared to unfertilized 
trees. Leaves of ferti 1 i zed trees were 31% higher in N and 39% higher in 
P than were unfertilized trees. 
The application of fertilizer by liquid injection promoted signifi-
cantly higher late July foliar concentrations of P, Ca, Mn and Zn in the 
first season, compared to applications of solid fertilizer (Table 3). Only 
minor differences in the foliar concentrations of K, f•1g, and Fe were found 
between trees fertilized by liquid injection, and trees treated with solid 
fertilizer. Significantly higher foliar concentrations of N, P, Mn, Fe, 
and Zn were observed in trees treated with a backfill incorporation of 
fertilizer compared to trees treated with localized applications of fer-
tilizer in soil perforations. Foliar K, Ca, and Mg were similar in trees 
treated with a backfill incorporation of fertilizer, and trees fertilized 
with dry fertilizer in soil perforations. No significant differences in 
late July foliar mineral concentrations were found between trees treated 
with surface and subsurface applications of fertilizer, or between trees 
fertilized with Ross Stakes and trees fertilized with Jobe's Spikes. 
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Figure 2. Cumulative shoot growth of Acer saccharinum, 1979. All 60 
trees included. Five shoots per tree were measured 
Table 3. The effect of fertilizer placement on the mineral concentration of Acer saccharinum leaves. 
Sampled July 27, 1978 
Mineral concentration 
Orthogonal percent (dry wt.) ppm (dry wt.) comparison -
N p K Ca r~g Mn Fe Zn 
Control 2.33** 0.19 0.54 0.96 0.26 206 210 31 
Fertilizera 3.06 0.22** 0. 75** 0.99 0.23* 303* 187 30 
Solid 3.03 0.21 0.75 0.97* 0.22 280 185 29 
Liquid injection 3.15 0.23* 0.73 1.10 0.25 396* 195 34* 
Subsurface 3.05 0.21 0.74 0.97 0.22 261 186 28 
Surface broadcast 2.98 0.22 0.78 0.97 0.23 339 182 33 
Backfill incorp. 3.30* 0.23 0.76 0. 97 0.22 386 207 34** 
N 
en 
Soil perforation 2.93 o.2o** 0.73 0.97 0.22 198** 176* 25 
Jobe • s Spikes 2.86 0.19 0.74 0.98 0.21 166 165 23 
Ross Stakes 2.99 0.21 0.73 0.96 0.23 229 186 28 
aAll fertilizer applications were made exlusively at planting. 
* Indicates significance at the 5% level. 
**Indicates significance at the 1% level. 
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The relatively high concentration of foliar N observed in fertilized 
silver maples in late July of the first season dissipated to a large degree 
by early August of the second season (Table 4). Higher, although not sig-
nificantly so, foliar concentrations of N, P, K, and Fe were noted in 
unfertilized trees, than fertilized trees. As in the first season, 
significantly higher concentrations of Mn were noted in fertilized trees 
compared to unfertilized trees. Foliar concentrations of Ca and Zn were 
the same for fertilized and unfertilized trees. No significant differences 
in foliar mineral concentration were noted between fertilized trees com-
pared on the basis of specific treatment groupings. 
Growth response of pin oak In terms of caliper growth, pin oak 
was much slower than silver maple to show a positive response to fertiliza-
tion (Figure 3). The rate of caliper growth of both fertilized and unfer-
tilized trees was minimal in the first season, in comparison to the rates 
noted in the second season. During the second season, the rate of caliper 
growth of fertilized and unfertilized trees was similar until the latter 
half of the summer, when a dramatic increase occurred in the rate of cali-
per growth by fertilized trees compared to unfertilized trees. 
The total shoot growth produced by pin oak during the initial year 
was minimal, less than one-fourth of that produced during the 1979 season 
(Table 5). No significant differences were noted in the 1978 increases 
in caliper, height, spread, or shoot extension between trees fertilized 
once at planting and unfertilized trees. 
In the second season, fertilized trees had caliper increases signifi-
cantly greater than those of unfertilized trees (Table 5). Other growth 
parameters followed a similar, but nonsignificant, trend. 
Table 4. The effect of fertilizer placement on the mineral concentration of Acer saccharinum leaves. 
Sampled August 5, 1979 
rv1ineral concentration 
Orthogonal percent (dry wt.) ppm (dry wt.) comparison 
N p K Ca Mg Mn Fe Zn 
Control 2.40 0.23 0.70 1.51 0.35 95** 213 44 
Fertilizera 2.18 0.21 0.64 1. 51 0.32 186 203 44 
Solid 2.16 0.21 0.63 1.50 0.31 196 204 46 
Liquid injection 2.26 0.23 0.67 1.55 0.34 148 199 40 
Subsurface 2.17 0. 21 0.62 1.50 0.31 191 207 45 
Surface broadcast 2.15 0.20 0.65 1. 51 0.30 208 196 48 
N 
Backfill incorp. 2.16 0.22 0.61 1.48 0.30 173 211 40 co 
Soi 1 per fora ti on 2.17 0.21 0.63 1. 52 0.32 200 205 47 
Jobe's Spikes 2. 07 0.19 0.60 1. 52 0.31 208 195 47 
Ross Stakes 2.27 0.22 0.65 1.52 0.33 193 215 47 
aAll fertilizer treatments were made exclusively at planting. 
**Indicates significance at the 1% level. 
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Figure 3. Cumulative caliper growth of Quercus palustris, 1978 and 1979. Trees fertilized 
exclusively at planting versus unfertilized trees 
N 
\.0 
Table 5. The effect of fertilizer placement on caliper, height, spread, and shoot extension of 
Quercus palustris, 1978 and 1979 
Annua 1 growth rate (em) 
Orthogonal Caliper Height Spread Shoot extensiona comparison 
1978 1979 1978 1979 1978 1979 1978 1979 
Control 0.26 0.49* 2.8 23.7 6.0 31.0 99.5 428.4 
Fertilizerb 0.30 0.69 4.9 17.8 8.3 42.9 118.8 599.9 
Solid 0.28 0.68 5.2 17.3 8.3 42.0 114.7 573.9 
Liquid injection 0.37 0.71 3.8 18.3 8.5 46.2 135.0 703.8 
.Subsurface 0.29 0.75 6.2 18.5 8.6 42.7 121.2 602.0 
Surface broadcast 0.26 0.46** 2.2 15.0 7.3 40.2 95.3 480.2 
w 
Backfill incorp. 0.22 0.55** 3.4 16.2 2.6 33.0 65.8 464.0 0 
Soi 1 perf oration 0.32 0.85 7.6 19.7 11.6* 47.5 148.8 675.9 
Jobe•s Spikes 0.32 0.83 5.0 19.3 12.2 50.2 104.0 649.8 
Ross Stakes 0.33 0.88 10.2 20.0 11.0 44.8 193.7 701.5 
aThe total length of all current-season shoots. 
bAll fertilizer applications were made exclusively at planting. 
* Indicates significance at the 5% level. 
**Indicates significance at the 1% level. 
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The only significant difference in growth in the first season among 
pin oaks treated with one full application of fertilizer exclusively 
at planting was the greater increase in spread of trees treated,with 
localized applications of dry fertilizer in soil perforations, compared 
to trees treated with a backfill incorporation of fertilizer (Table 5). 
In the second season, trees treated with solid fertilizer in soil per-
forations had a significantly greater increase in caliper compared to trees 
treated with a backfill incorporation of fertilizer (Table 5). A signifi-
cantly greater increase in caliper was also found in trees treated with 
solid fertilizer below the soil surface, compared to trees treated with a 
surface application of solid fertilizer. No significant difference in 
1979 caliper growth was observed between trees treated with solid fertiliz-
er and those fertilized by liquid injection, or between trees treated with 
Jobe•s Spikes and Ross Stakes. The increase in height, spread, and shoot 
extension of pin oak in 1979 was not significantly different among trees 
fertilized by the application methods tested. Overall, the least growth 
response to fertilization was noted in trees in which fertilizer was ap-
plied either as backfill incorporation or surface broadcast (Appendix 
Table A2). 
Pin oak exhibited an episodic pattern of shoot growth in the second 
season, consisting of a maximum of three episodes of shoot extension 
(Figure 4). Episodes of shoot extension occurred at about six week in-
tervals. The period of shoot extension per shoot flush was confined to a 
period of approximately 8 to 16 days. Shoot extension was completed on 
all trees by early August. 
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Figure 4. Cumulative shoot growth of Quercus palustris, 1979. All 60 
trees included 
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During the first season, initial bud break was delayed until mid-
season in many pin oaks. Over 40% of the trees broke bud after June 2. 
Conversely, initial bud break during the second season was almost simul-
taneous (Table 6). No sipnificant difference in the date of initial or 
second flush bud break was found between trees fertilized once at plant-
ing and unfertilized trees, or between trees fertilized once at planting 
compared on the basis of specific treatment groupings. 
Table 6. The effect of fertilizer placement on the date of the first 
flush and second flush bud break on Quercus palustris in 1979 
Orthogonal Day ofa Day of a first flush second flush comparison bud break bud break 
Control 10.0 51.2 
Fertilizerb 9.6 52.0 
Solid 10.0 52.0 
Liquid injection 9.2 52.8 
Subsurface 9.6 51.2 
Surface broadcast 10.0 54.0 
Backfill incorp. 10.8 52.8 
Soil perforation 9.2 50.4 
Jobe's Spikes 8.8 50.0 
Ross Stakes 10.0 50.8 
aThe stage of bud development was rated at four day intervals. Mea-
surement of bud break commenced on May 4. 
bAll fertilizer treatments were made exclusively at planting. 
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The total amount of shoot extension produced within each of the 
three episodes of 1979 shoot growth by trees fertilized exclusively at 
planting was not significantly different from that produced by unfertilized 
trees (Table 7). Likewise, no significant differences in the amount of 
first, second, or third flush shoot growth were found between trees fer-
tilized exclusively at planting which were compared on the basis of specif-
ic treatment groupings. Over 60% of the total 1979 shoot growth produced 
by fertilized and unfertilized trees occurred during the first flush of 
shoot growth. Only a negligible amount of shoot growth was produced by 
these trees in the third episode of shoot extension. 
Table 7. The effect of fertilizer placement on the total shoot extension 
produced in each flush of growth by Quercus palustris during 
the 1979 growing season 
Orthogonal Total shoot extension (em) 
comparison First flush Second flush Third flush 
Control 263.7 164.7 0.0 
Fert il izera 376.7 214.2 9.0 
Solid 362.7 199.9 11.3 
Liquid injection 432.3 271.5 0.0 
Subsurface 367.9 223.5 13.8 
Surface broadcast 347.5 129.0 3.7 
Backfill incorp. 319.4 144.6 0.0 
Soil perforation 392.1 262.9 20.7 
Jobe's Spikes 397.3 242.2 10.3 
Ross Stakes 386.8 283.7 31.0 
aAll fertilizer treatments were made exclusively at planting. 
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Foliar mineral concentration of pin oak The small amount of shoot 
growth produced by pin oak during the first season (1978) resulted in a 
insufficient amount of material for foliar analysis. 
Leaves collected from the first flush of shoot growth of pin oak in 
1979 showed a 609% higher Mn concentration in fertilized trees, as com-
pared to unfertilized trees (Table 8). Significant differences in the 
foliar concentrations of other minerals analyzed were not found between 
fertilized and unfertilized trees. However, a nonsignificant trend \'Jas 
evident for fertilized trees to have higher foliar N concentration than 
unfertilized trees. 
A comparison of the first flush foliar N, P, K, and Ca concentrations 
among pin oaks fertilized exclusively at planting by different application 
methods showed no significant differences (Table 8). The application of 
solid fertilizer resulted in significantly higher foliar concentration of 
Mq than did applications of fertilizer by liquid injection. Differences 
in the foliar concentration of Mn, Fe, and Zn between trees treated with 
solid fertilizer, and trees fertilized by liquid injection were not signif-
icant. Trees treated with surface broadcasted fertilizer had a signifi-
cantly higher foliar Fe concentration than did trees treated with a sub-
surface application of fertilizer, while no such difference was found in 
foliar Mg, Mn, and Zn concentrations. Trees treated with a backfill in-
corporation of granular fertilizer had significantly higher foliar concen-
trations of Fe and Zn compared to pin oaks treated with dry fertilizer in 
soil perforations. The foliar concentrations of Mg and Mn were not sig-
nificantly different between trees fertilized in soil perforations and 
Table 8. The effect of fertilizer placement on the mineral concentration of Quercus palustris leaves. 
Sampled June 30, 1979, from the first flush of shoot growth 
Orthogonal Mineral concentration 
comparison percent {drx wt.) PEm (drx wt.) 
N p K Ca Mg Mn Fe Zn 
Control 2.17 0.14 0.61 1.38 0.28 118** 116 37 
Ferti 1 izera 2.33 0.14 0.58 1.34 0.26 837 116 33 
Solid 2.32 0.14 0.59 1.32 0.27* 826 117 34 
Liquid injection 2.36 0.13 0.57 1. 25 0.24 881 114 32 
Subsurface 2.32 0.14 0.59 1.31 0.26 765 115* 34 
Surface broadcast 2.32 0.14 0.58 1.35 0.29 1008 125 33 
w 
Backfill incorp. 2.37 0.14 0.58 1. 29 0.26 974 124* 37 0'1 
Soil perforation 2.30 0.14 0.60 1.33 0.26 661 110 31* 
Jobe•s Spikes 2.22 0.14 . 0.60 1. 31 0.25 610 107 30 
Ross Stakes 2.37 0.14 0.59 1.34 0.27 711 113 32 
aAll fertilizer treatments were made exclusively at planting. 
*Indicates significance at the 5% level. 
**Indicates significance at the 1% level. 
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those treated with granular fertilizer incorporated in the planting hole. 
The foliar concentrations of Mg, Mn, Fe, and Zn were not significantly dif-
ferent between Ross Stakes and Jobe's Spikes fertilized trees. 
The second shoot flush foliar concentrations of N, P, K, Ca, Fe, and 
Zn were not significantly different between trees fertilized at planting 
exclusively, and unfertilized trees, or among trees fertilized exclusively 
at planting by different application methods (Table 9). As in the first 
flush of shoot growth, the concentration of foliar Mn was significantly 
higher in fertilized trees compared to unfertilized trees. The foliar Mn 
concentration in fertilized trees was similar regardless of fertilizer 
placement method. The concentration of foliar Mg was significantly higher 
in unfertilized trees compared to fertilized trees. Higher foliar Mg was 
also found in trees treated with a backfill incorporation of fertilizer 
compared to trees treated with dry fertilizer in soil perforations. A 
significant difference in foliar Mg concentration was not noted between 
fertilized trees compared on the basis of other treatment groupings. 
Influence of timing, placement, and timing x placement 
Growth response of silver maple A significant difference in shoot 
growth of silver maples fertilized by liquid injection and Ross Stakes in 
different application sequences was evident in 1978 (Table 10). After one 
growing season, trees receiving a 1/4 split application of fertilizer in 
the spring and fall had less shoot growth than trees fertilized with one 
full application at planting, or trees receiving a 1/6 split application 
of fertilizer in the spring, midsummer, and fall. A similar, althouoh 
nonsignificant, trendwas evident in other growth parameters in 1978. 
Table 9. The effect of fertilizer placement on the mineral concentration of Quercus palustris 
1 eaves. Sampled August 13, 1979, from the second flush of shoot growth 
Orthogonal 
Mineral concentration 
comparison ~ercent {dr~ wt.) EEm (dr~ wt.) 
N p K Ca Mg t4n Fe Zn 
Control a 2.03 0.12 0.55 1.17 
0.27 86 108 33 
Fertilizer 2.12 0.13 0.59 1.16 0.23* 564** 110 34 
Solid 2.13 0.13 0.58 1.15 0.23 592 111 33 
Liquid injection 2.10 0.13 0.62 1. 20 0.23 452 107 37 
Subsurface 2.11 0.13 0.60 1.14 0.24 587 111 34 
Surface broadcast 2.16 0.13 0.53 1.16 0.23 607 112 30 
w 
Backfill incorp. 2.03 0.13 0.59 1.17 0.27** 508 109 35 
00 
Soil per fora ti on 2.16 0.14 0.60 1.13 0.22 627 112 34 
Jobe•s Spikes 2.07 0.14 0.63 1.12 0.21 609 113 33 
Ross Stakes 2.24 0.13 0.57 1.14 0.23 645 110 34 
aAll fertilizer treatments were made exclusively at planting. 
* · Indicates significance at the 5% level. 
**Indicates significance at the 1% level. 
' 
Table 10. The effect of timing and method of fertilizer placement on caliper, height, spread, and 
shoot extension of Acer saccharinum, 1978 and 1979 
Annual growth rate (em) Factorial 
comparison Cali~er Height S~read Shoot extensiona 
1978 1979 1978 1979 1978 1979 1978 1979 
Time of aE~licationb 
At planting only 1.46 1. 73 56.4 71.2 40.2 97.2 59.3 80.9 
Spring-fa 11 I 1.28 1.77 49.4 68.2 36.0 91.3 47.5* 70.2 
two years 
Spring-midsummer- 1.36 1.88 56.6 62.7 32.7 94.2 56.9 73.5 
fall/two years 
Method 
Liquid injection 1.44 1.93* 57.7 70.9 34.2 95.2 55.3 78.0 
Ross Stakes 1.30 1.66 50.6 63.7 38.3 93.3 53.8 71.8 
aThe mean length of the 10 current-season shoots growing to the greatest length each season. 
bEach tree received the same amount of fertilizer over two years. 
*Indicates significance at the 5% level. 
w 
1.0 
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No significant differences in any of the measured growth parameters were 
evident among sequences of application in 1979. 
The increase in caliper, height, spread, and shoot extension by sil-
ver maple in 1978 and 1979 was similar when fertilizer was applied either 
by liquid injection or by Ross Stakes (Table 10). The only significant 
difference between the two methods of fertilizer placement was the greater 
1979 caliper growth of trees fertilized by liquid injection, compared to 
trees fertilized with Ross Stakes. 
A consistent, but nonsignificant, interaction between timing and 
method of fertilizer placement on the caliper growth of silver maple was 
evident in 1978 and 1979 (Table 11). Other growth parameters followed a 
similar trend (Appendix Table A1). The general pattern of the interaction 
was one of increased growth by trees fertilized by liquid injection com-
pared to Ross Stakes, when applications were made exclusively at planting, 
or in 1/6 split applications, and for an equivalent growth by trees 
treated with Ross Stakes, when 1/4 split applications were made. 
Table 11. The influence of method and timing of fertilizer placement on 
the increase in caliper of Acer saccharinum, 1978 and 1979 
Application 
method 
Liquid injection 
Ross Stakes 
-------Time of applicationa ______ _ 
At planting 
only 
Spring-fall/ 
two years 
Spring-midsummer-
fall/two years 
------ Increase in caliper (em) -------
1978 
1.61 
1. 30 
1979 
1.83 
1.63 
1978 1979 1978 
1.25 1.77 1.45 
1.30 1. 77 1. 28 
1979 
2.18 
1.59 
aEach tree received the same amount of fertilizer over two years. 
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An increased rate of caliper growth by silver maples fertilized ex-
clusively at planting by liquid injection compared to those fertilized ex-
clusively at planting with Ross Stakes was evident early.in the first grow-
ing season (Figure 5). The difference in the rate of growth between trees 
fertilized by the two methods was relatively constant from midsummer of 
the first season through the end of the second season. 
The rate of caliper growth of both liquid injection and Ross Stakes 
fertilized trees was virtually the same throughout both seasons when 1/4 
split applications of fertilizer were made in the spring and fall for two 
years (Figure 6). The rate of caliper growth was similar to that of trees 
fertilized with Ross Stakes exclusively at planting (Figure 5}. 
When fertilizer treatments were made in 1/6 split applications in the 
spring, midsummer and fall for two years, the rate of caliper growth of 
silver maples fertilized by liquid injection and Ross Stakes was similar 
until August of the first season (Figure 7). The rate of caliper growth 
of trees fertilized by liquid injection was greater than that of Ross 
Stakes treated trees from early August until the end of the first season. 
Liquid injection fertilized trees showed the greatest rate of caliper 
growth over Ross Stakes treated trees from early June until the end of 
the growing season in 1979. Overall, trees treated with six 1/6 splft 
applications of liquid injected fertilizer had the greatest cumulative 
caliper growth over two years of any single treatment {Appendix Table A1). 
The date of 1979 bud break and bud set in silver maple was not sig-
nificantly different among trees fertilized in different application 
sequences (Table 12). Likewise, method of placement (Ross Stakes 
and liquid injection) appeared to have little effect on the date of 1979 
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Figure 5. Cumulative caliper growth of Acer saccharinum, 1978 and 1979. Liquid injection 
versus Ross Stakes fertilized trees. Applications made exclusively at planting 
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bud break and bud set. However, a significant interaction between timing 
and method of fertilizer placement on the date of bud set was noted (Table 
13). Trees fertilized with Ross Stakes at planting exclusively, or in 1/4 
split applicatons in the spring and fall, set bud later than did trees fer-
tilized by liquid injection during the same periods; trees fertilized by 
liquid injection set bud later than Ross Stakes fertilized trees when fer-
tilizer placements were made in 1/6 split applications in the spring, mid-
summer, and fall. 
Table 12. The effect of timing and method of fertilizer placement on the 
date of bud break and bud set of Acer saccharinumduring the 
1979 growing season 
Factorial 
comparison 
Time of applicationb 
At planting only 
Spring-fall/ 
two years 
Spring~midsummer-fall/ 
two years 
Method 
Liquid injection 
Ross Stakes 
Day of bud breaka 
4.3 
4.0 
4.3 
4.6 
4.0 
Weeks after September 7 
2.8 
3.0 
2.8 
2.8 
2.9 
aThe stage of bud development was measured at four day intervals. 
Measurement of bud break commenced on May 4. 
bEach tree received the same amount of fertilizer over two years. 
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Table 13. The influence of method and timing of fertilizer placement on 
the date of bud set of Acer saccharinum during the 1979 growing 
season 
Applicationa 
method 
Liquid injection 
Ross Stakes 
-------Time of application-----
At planting 
only 
2.2 
3.3 
Spring-fall/ Spring-midsummer-
two years fall/two years 
Weeks after September 7 ------
2.7 3.7 
* 3.3 2.0 
aEach tree received the same amount of fertilizer over two years. 
*Indicates significance at the 5% level. 
Foliar mineral concentration of silver maple The timing of fer-
tilizer applications had a significant effect on foliar N, P, K, and Mn 
concentrations of silver maple in the first season (Table 14). Trees which 
had been fertilized exclusively at planting only had higher foliar concen-
trations of N, P, K, and Mn than did trees fertilized in 1/4 or 1/6 split 
applications. Trees fertilized in 1/4 split applications had lower foliar 
N, P, and K concentrations than did trees fertilized in the other two ap-
plication sequences. No significant differences in foliar Ca, Mg, Fe, or 
Zn concentrations were found among trees fertilized in the different appli-
cations sequences. At the time leaves were collected, trees fertilized 
in 1/4 split applications had received only 1/4 of the fertilizer which 
had been applied to trees fertilized at planting only. Trees fertilized 
in 1/6 split applications had received 1/3 of this amount. 
Table 14. The effect of timing and method of fertilizer placement on the mineral concentration of 
Acer saccharinum leaves. Sampled July 27, 1978 ' 
Mineral concentration 
Facto ria 1 percent (dry wt.) ppm (dry wt.) comparisons 
N p K Ca Mg t4n Fe Zn 
Time of applicationa 
At planting only 3.07 0.22 0.73 1.03 0.24 313 191 31 
Spring-fall/ 2.69** 0.19** 0.62* 0.98 0.24 189** 183 29 
two years 
Spring-midsummer-fall/ 2.95 0.21 0.64 1.03 0.25 143 194 28 
two years ~ 
'-1 
Method 
Liquid injection 2.90 0.21* 0.64 1.05 0.25* 232 198 30 
Ross Stakes 2.90 0.20 0.69 0.98 0.23 198 181 28 
--
aEach tree received the same amount of fertilizer over two years. 
* Indicates significance at the 5% level. 
**Indicates significance at the 1% level. 
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The fertilization of silver maples by liquid injection resulted in 
significantly higher foliar concentrations of P and Mg in 1978 than did 
fertilization of silver maples with Ross Stakes (Table 14). No signifi-
cant difference in the foliar concentration of N, K, Ca, Mn, Fe, or Zn 
was noted between Ross Stakes and liquid injection fertilized trees. 
A significant interaction was evident between timing and method of 
fertilizer placement on foliar N concentration of silver maple in 1978 
(Table 15). Trees fertilized at planting only or in 1/6 split applications 
had a higher foliar N concentration \'/hen fertilizer was applied by 1 iquid 
injection than when applied as Ross Stakes. However, fertilizer applied 
as Ross Stakes promoted a higher N concentration than did fertilization by 
liquid injection when 1/4 split applications were made. This interaction 
was not evident in foliar PorK concentrations (Appendix Table A6). 
Table 15. The influence of method and timing of fertilizer placement on 
the nitrogen concentration of Acer saccharinum leaves. Sampled 
July 27, 1978 
Application 
method 
Liquid injection 
Ross Stakes 
-------Time of application-----
At planting 
only 
Spring-fall/ Spring-midsummer-
two years fall/two years 
-----% N (dry wt.) -----
3.15 
2.99 
2.50 
2.87 
3.08 
* 2.82 
aEach tree received the same amount of fertilizer over two years. 
*Indicates significance at the 5% level. 
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Silver maples fertilized exclusively at planting in 1/4 split applica-
tions in the spring and fall, and in 1/6 split applications in the spring, 
midsummer, and fall, were not significantly different in foliar mineral 
concentration in 1979 (Table 16). A trend, however, was evident for trees 
fertilized in 1/4 split applications to have the lowest foliar N, P, and K 
concentrations of trees fertilized in the three application sequences. 
Trees fertilized in 1/4 split applications had received the least fertiliz-
er of trees fertilized in the three application sequences at the time 
leaves were collected for analysis. 
The concentrations of N, P, and K in silver maple leaves collected in 
early August, 1979, was quite similar for liquid injection and Ross Stakes 
fertilized trees (Table 16). The only significant difference in mineral 
concentration noted between methods was the higher Mn concentration in the 
leaves of trees treated with Ross Stakes compared to those receiving liquid 
injections. 
A nonsignificant interaction between timing and method of fertilizer 
placement on N concentration of silver maple was evident in 1979 (Table 
17). When fertilizer was applied in 1/4 split applications, a higher foliar 
N concentration was found in trees treated with Ross Stakes rather than 
trees treated with liquid injection. When 1/6 split applications were 
made, trees fertilized by liquid injection had a higher foliar N concen-
tration than did trees fertilized with Ross Stakes. When fertilizer was 
applied exclusively at planting, the foliar N concentration was similar in 
trees fertilized by the two methods. This interaction trend was not evi-
dent in foliar P and K concentrations (Appendix Table A7). 
Table 16. The effect of timing and method of fertilizer placement on the mineral concentration of 
Acer saccharinum 1 eaves. Sampled August 5, 1979 
Mineral concentration 
Factorial 
comparison - Eercent {dr,t wt.} 
N p K Ca Mg 
Time of aEplicationa 
At planting only 2.27 0.22 0.66 1.54 0.34 
Spring-fall/ 
two years 2.14 0.21 0.61 1.47 0.30 
Spring-midsummer- 2.35 0. 24 0.68 1. 56 0.34 
fa 11 I two years 
Method 
Liquid injection 2.27 0.23 0.64 1.53 0.33 
Ross Stakes 2.23 0.22 0.66 1. 51 0.32 
aEach tree received the same amount of fertilizer over two years. 
*Indicates significance at the 5% level. 
rn~m {dr,t wt.) 
Mn Fe Zn 
171 207 44 
157 188 43 
123 204 40 
128 208 43 
* 
172 191 42 
(J1 
0 
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Table 17. The influence of method and timing of fertilizer placement on 
the nitrogen concentration of Acer saccharinum leaves. Sampled 
August 5, 1979 
Application 
method 
Liquid injection 
Ross Stakes 
-------Time of application -----
At planting 
only 
Spring-fall/ Spring-midsummer 
two years fall/two years 
----- % N (dry wt.) ----
2.26 
2. 27 
2.10 
2.17 
2.46 
2.24 
aEach tree received the same amount of fertilizer over two years. 
Effect of time of fertilizer placement on pin oak 
Growth response of pin oak Pin oak trees fertilized in 1/4 split 
applications generally grew less in caliper, height, spread, and shoot ex-
tension than trees fertilized exclusively at planting, or in 1/6 split 
applications (Table 18). The relatively smaller growth response by 1/4 
split application fertilized trees was evident both seasons. Timing of 
fertilizer application had a significant effect on the 1979 increase in 
spread. No significant differences among sequences of application were 
noted in other growth parameters in 1979, or in any growth parameters in 
1978. 
Liquid injection and Ross Stakes applications of fertilizer promoted 
an approximately equivalent caliper, height, spread, and shoot extension 
response, in both 1978 and 1979 (Table 18). 
A significant interaction was evident between timing and method of 
fertilizer placement on the caliper growth of pin oak in 1979 (Table 19). 
Fertilizer placements made exclusively at planting and in 1/4 split 
Table 18. The effect of timing and method of fertilizer placement on caliper, height, spread, and 
shoot extension of Quercus palustris' 1978 and 1979 
Fac tori a 1 
Annual growth rate (em) 
Cali ~er Height S~read Shoot extensiona comparison 
1978 1979 1978 1979 1978 1979 1978 1979 
Time of a~~licationb 
At planting only 0.35 0.80 7.0 19.2 9.8 45.4 164.3 702.2 
Spring-fall/ 0.30 0.83 3.3 13.6 5.0 36.3* 88.4 598.6 
two years 
Spring-midsummer- 0.25 1.07 4.3 23.2 6.9 49.9 104.0 858.7 
fall/two years 
Method 
Liquid injection 0.29 0.90 3.2 18.1 5.7 46.6 99.2 778.1 
Ross Stakes 0.31 0.89 6.3 19.2 9.1 41.3 138.6 661.9 
aTotal length of all current-season shoots. 
bEach tree received the same amount of fertilizer over two years. 
*Indicates significance at the 5% level. 
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'method and timing of fertilizer placement 
:rowth of Quercus palustris during the 1979 
-----Time of applicationa -----
. planting 
only 
Spring-fall/ Spring-midsummer-
two years fall/two years 
--- Increase in caliper (em) ---
0.71 
0.95 
0.76 
0.94 
1. 29 
* 
0.84 
e same amount of fertilizer over a two year 
eat the 5% level. 
applications promoted a greater caliper growth when applied as Ross Stakes 
than by liquid injection. This trend was reversed when fertilizer place-
ments were made in 1/6 split applications. A similar trend was found in 
the spread and shoot extension response of pin oak in 1979 (Appendix Table 
A2). 
The rate of caliper growth of Ross Stakes and liquid injection fer-
tilized pin oaks was about equal the first season, when treatments were 
made exclusively at planting (Figure 8). The respective rates of caliper 
growth of Ross Stakes and liquid injection fertilized trees were similar 
in the second season through late July. In August, trees fertilized with 
Ross Stakes showed a distinctly greater rate of caliper growth than did 
trees fertilized by liquid injection. 
Pin oaks fertilized with 1/4 split applications in the spring and fall 
had a greater increase in caliper late in the first season when fertilized 
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with Ross Stakes rather than liquid injection (Figure 9). This trend was 
reversed to a small extent in May and June of the second season. However, 
from mid-July through the end of the second growing season, Ross Stakes 
fertilized trees increased in caliper at a decidedly greater rate than did 
trees fertilized by liquid injection. 
Ross Stakes and liquid injection promoted a similar rate of caliper 
growth in the first season when made in 1/6 split applications (Figure 10). 
Caliper growth of trees fertilized by each method continued to be similar 
in the second season up to the time of the midseason appltcatinn of fer-
tilizer. From mid-July until the end of the growing season, the promotion 
in growth by liquid injection applied fertilizer was much greater than 
with Ross Stakes. 
Caliper growth of pin oaks was minimal during the first season, in 
comparison to the following season, regardless of the method or timing of 
fertilizer placement (Figures 8, 9, and 10). This was especially evident 
during the first half of 1978. Overall, the time of the greatest rate 
of caliper growth appeared to be from mid-July to early August. 
No significant differences were noted in the first or second flush of 
shoot extension among timing of application in 1979 (Table 20). Pin 
oaks fertilized exclusively at planting had approximately 25% more shoot 
extension than did pin oaks fertilized in split applications. Trees fer-
tilized in 1/6 split applications had at least 24% more second flush shoot 
extension than trees fertilized exclusively at planting, or in 1/4 split 
applications. A significant difference in the amount of third flush shoot 
among sequences of application was noted. Trees with 1/6 split applica-
tions of fertilizer in the spring, midsummer, and fall, had over twice the 
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third flush shoot extension as trees fertilized in 1/4 split applications 
and over 12 times as much third flush shoot extension as trees fertilized 
exclusively at planting. 
Table 20. The effect of timing and method of fertilizer placement on the 
total amount of shoot extension produced in each flush of shoot 
growth by Quercus palustris during the 1979 growing season 
Factorial 
comparison 
Time of applicationa 
At planting only 
Spring-fa 11 I 
two years 
Spring-midsummer-
fa 11 I two years 
Method 
Liquid injection 
Ross Stakes 
----Total shoot extension (em)----
First flush 
409.6 
308.75 
301.6 
366.9 
313.0 
Second flush 
277.6 
210.01 
365.5 
297.6 
271.2 
Third flush 
.15. 5 
79.9 * 
191.75 
113.6 
77.8 
a Each tree received the same amount of fertilizer over two years. 
*Indicates significance at the 5% level. 
A similar amount of total shoot extension per shoot flush was noted 
in pin oak, regardless of the fertilizer placement method (Ross Stakes and 
liquid injection), when treatments were compared across timing of applica-
tion (Table 20). Shoot extension per flush decreased with each successive 
episode of shoot growth. 
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Second season shoot extension in the first and second shoot flush was 
similar for trees fertilized in the same application sequences with either 
Ross Stakes or liquid injection (Appendix Table A3). However, a signifi-
cant interaction was found between timing and placement on third flush 
shoot extension (Table 21). Third flush shoot extension in trees fertil-
ized exclusively at planting was negligible regardless of placement treat-
ment. A 300% increase in third flush shoot extension in trees fertilized 
with Ross Stakes over trees fertilized by liquid injection was found when 
1/4 split applications were made in the spring and fall. A 185% increase 
in third flush shoot extension by liquid injection fertilized trees over 
trees fertilized with Ross Stakes was found when 1/6 split applications 
were made in the spring, midsummer and fall. 
Tabl~ 21. The influence of method and timing of fertilizer placement on 
the amount of third flush shoot growth of Quercus palustris 
during the 1979 growing season 
Application 
method 
Liquid injection 
Ross Stakes 
-----Time of appl icationa _____ _ 
At planting 
only 
0.0 
31.0 
Spring-fall/ Spring-midsummer-
two years fall/two years 
9.5 
150.2 
331.3 
52,5 
** 
aEach tree received the same amount of fertilizer over two years. 
**Indicates significance at the 1% level. 
The date of initial 1979 bud break was not significantly different 
among trees fertilized in different application sequences (Table 22}, How-
ever, there was a significant difference in the date of second flush fiud 
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break between trees fertilized in different application sequences. Trees 
fertilized in 1/4 split applications in the spring and fall broke bud 
earlier than trees fertilized exclusively at the time of planting or trees 
fertilized in 1/6 split applications in the spring, midsummer, and fall. 
Table 22. The effect of timing and method of fertilizer placement on the 
date of first-flush and second flush bud break on Quercus 
palustris in 1979 
Factori a 1 
comparison 
Time of applicationb 
At planting only 
Spring-fa 11 I 
two years 
Spring-midsummer-
fa 11 /two years 
~·1ethod 
Liquid injection 
Ross Stakes 
Day ofa 
first flush 
bud break 
9.6 
10.4 
10.3 
10.1 
10.1 
Day of 
second flush 
bud break 
51.8 
51.0 
51.2 
49.3 
aThe stage of bud development was measured at four day intervals. 
Measurement of bud break commenced on May 4. 
bEach tree received the same amount of fertilizer over two years. 
* . Ind1cates significance at the 5% level. 
Foliar mineral concentration of pin oak The N, P, and K concen-
trations of pin oak leaves collected from the first flush of shoot growth 
in 1979 were not significantly different among trees fertilized in 
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different application sequences (Table 23). Foliar Mn concentration was 
significantly affected by timing of applications. The foliar Mn concen-
tration of trees fertilized exclusively at planting was over twice that of 
trees fertilized in 1/4 split applications in the spring and fall, and 
over three times that of trees fertilized in 1/6 split applications. 
Significantly higher Ca concentration was found in first flush leaves 
of Ross Stakes, compared to liquid injection fertilized trees (Table 23). 
No significant differences in concentration of mineralswerefound between 
Ross Stakes and liquid injection fertilized trees. 
No interaction was evident between timing and method of placement 
on foliar N, P, or K concentrations (Appendix Table AS). 
The Mn concentration in leaves collected from the second 1979 flush 
of shoot growth was significantly different among trees fertilized in dif-
ferent application sequences (Table 24). Trees fertilized once at plant-
ing had almost twice the Mn concentration of trees fertilized in 1/4 split 
applications, and almost three times that of trees fertilized in 1/6 split 
applications. Significant differences in the foliar concentrations of 
other minerals among trees fertilized in different application sequences 
were not found. A trend was evident, however, for trees fertilized in 1/6 
split applications to have a higher foliar N concentration than trees fer-
tilized exclusively at planting, or in 1/4 split applications, 
Ross Stakes and liquid injection fertilized trees were not signifi-
cantly different in second flush mineral concentrations in 1979 (Table 24). 
A nonsignificant interaction was evident between timing and method of 
placement on theN concentration of leaves collected from the second flush 
Table 23. The effect of timing and method of fertilizer placement on the mineral concentration of 
Quercus palustris leaves. Sampled June 30, 1979, from the first flush of shoot grov~th 
Mineral concentration 
Factoria 1 percent (dry wt.) comparison 
N p K Ca ~1g 
Time of applicationa 
At planting only 2.37 0.13 0.58 1. 30 0.25 
Spring-fall/ 2.35 0.14 0.58 1.36 0.27 two years 
Spring-midsummer- 2.28 0.14 0.58 1.30 0.27 fall/two years 
Method 
Liquid injection 2.34 0.14 0.57 1. 28 0.25 
** 
Ross Stakes 2.34 0.14 0.59 1.36 0.27 
aEach tree received the same amount of fertilizer over two years. 
**Indicates significance at the 1% level. 
ppm (dry wt.) 
~1n Fe 
796 113 
279** 113 
178 113 
412 llO 
432 116 
Zn 
32 
35 
35 
35 
32 
0"1 
N 
Table 24. The effect of timing and method of fertilizer placement on the mineral concentration of 
Quercus palustris leaves. Sampled August 13, 1979 from the second flush of shoot growth 
Mineral concentration 
Factori a 1 Qercent (dr~ wt.) PQm {dr~ wt.) 
comparison 
N p K Ca Ng Mn Fe Zn 
Time of applicationa 
At planting only 2.17 0.13 0.60 1.17 0.23 557 109 35 
Spring-fall/ 2.12 0.14 0.60 1. 22 0.24 288** 114 41 
two years 
Spring-midsummer- 2.33 0.15 0.63 1.12 0.22 186 125 42 
fa 11 /two years 
0) 
t~ethod w 
Liquid injection 2.16 0.14 0.62 1. 20 0.23 291 117 42 
Ross Stakes 2.24 0.13 0.60 1.14 0.23 412 115 37 
aEach tree received the same amount of fertilizer over two years. 
**Indicates significance at the 1% level. 
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of 1979 shoot growth (Table 25). Trees fertilized with Ross Stakes were 
higher inN concentration than were trees fertilized by liquid injection 
when applications were at planting exclusively, or in 1/4 split applica-
tions. However, fertilizer applied in 1/6 split applications was more ef-
fective in increasing N concentration when applied by liquid injection 
compared to Ross Stakes. 
Table 25. The influence of method and timing of fertilizer placement on 
the nitrogen concentration of Quercus palustris leaves. Sampled 
August 13, 1979 from the second flush of shoot growth 
Application 
method 
Liquid injection 
Ross Stakes 
------Time of applicationa. ____ _ 
At planting 
only 
Spring-fall/ Spring-midsummer-
two years fall/two years 
----- % N (dry wt.) -----
2.10 
2.24 
2.07 
2.17 
2.39 
2.29 
a Each tree received the same amount of fertilizer over two years. 
Experiment 2 
Growth response of Scotch pine 
Fertilizer treatments applied to trees in their first full growing 
season resulted in a significant increase in caliper and current-season 
needle length compared to unfertilized trees (Table 26). Length of terminal 
leader was not significantly different between fertilized and unfertilized 
trees. 
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Table 26. The effect of fertilizer placement on the increase in caliper, 
length of current-season terminal shoot, and mean length of 
needles on the terminal shoot of Pinus sylvestris during 1979 
Orthogonal Increase in Length of 
comparison caliper (em) terminal (em) 
No fertilizer 0.92 
Fertilizer 1.30** 
Surface irrigation 0.87 
Subsurface irrigation 0.97 
Solid 1.38* 
Liquid injection 1.14 
Surface broadcast 1.43 
Soil perforation 1.33 
*Indicates significance at the 5% level. 
**Indicates significance at the 1% level. 
19.1 
20.5 
19.4 
13.8 
20.8 
19.8 
21.8 
19.8 
Length of 
needles (em) 
4.4 
5. 2** 
4.6 
4.2 
5.3 
5.1 
5.7 
4.8 
Nonfertilized surface irrigated trees were not significantly differ-
ent in caliper increase, needle length, or length of terminal leader from 
nonfertilized subsurface irrigated trees (Table 26). Trees treated with 
solid applications of fertilizer on the soil surface and in soil perfora-
tions had a significantly greater increase in caliper compared to trees 
fertilized by liquid injections of fertilizer. No difference in growth 
response was found between trees fertilized with surface applications of 
solid fertilizer and those treated with applications of solid fertilizer 
in soil perforations. 
Foliar mineral concentration of Scotch pine 
Foliar concentrations of Nand K were significantly higher in fer-
tilized trees compared to unfertilized trees, and the Mg concentration was 
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lower (Table 27). Significant differences in the foliar concentration of 
other minerals were not found between fertilized and unfertilized trees. 
No significant differences in mineral concentration were found be-
tween nonfertilized surface and subsurface irrigated trees (Table 27). 
Trees fertilized by liquid injection were not significantly different in 
foliar mineral concentration from trees fertilized by solid fertilizer. 
Trees treated with fertilizer as a surface broadcast and those treated 
with fertilizer in soil perforations were not significantly different. 
Table 27. The effect of fertilizer placement method on the mineral concentration of Pinus sylvestris 
leaves. Sampled September 28, 1979 
Mineral concentration 
Orthogonal percent (dry wt.) ppm (dry wt.) comparison 
N p K Ca Mg Mn Fe Zn 
No fertilizer 1. 22** 0.13 0.40 0.41 0.15 98 139 33 
Fertilizer 1. 60 0.13 0.48* 0.38 0.13* 78 138 26 
Surface irrigation 1. 20 0.12 0.38 0.40 0.17 89 131 29 
Subsurface irrigation 1. 24 0.14 0.41 0.41 0.14 107 147 36 
Solid 1.61 0.13 0.48 0.36 0 .. 12 78 141 27 
Liquid injection 1.59 0.14 0.48 0.42 0.13 77 133 25 
Surface broadcast 1.59 0.13 0.54 0.36 0.12 75 146 22 
Soil perforation 1.62 0.13 0.42 0.35 0.13 81 136 32 
-
* Indicates significance at the 5% level. 
**Indicates significance at the 1% level. 
0) 
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DISCUSSION 
Experiment 1 
Influence of placement treatments made exclusively at planting 
Growth response Silver maple trees fertilized by each of the 
placement treatments tested -1 iquid injection, surface broadcast, backfill 
incorporation, Jobe' s Spikes, and Ross Stakes- had a decidedly greater 
shoot and caliper growth response than unfertilized trees. All placement 
treatments promoted a similar growth response, with the exception of the 
greater first season caliper growth of trees fertilized by liquid injec-
tion. Because of the large volume of water applied at planting to trees 
fertilized by liquid injection, it is uncertain if this enhancement in 
growth is an effect of water, fertilizer, or a combination of both. 
The same placement treatments applied to pin oak resulted in a greater 
difference in growth response. Fertilization by backfill incorporation 
and surface broadcast treatments resulted in an overall growth response 
similar to unfertilized trees. Trees fertilized by the soil perforation 
treatments (Jobe's Spikes and Ross Stakes) had a considerably greater 
growth response than unfertilized trees. The overall growth response of 
trees fertilized by liquid injection was above that of unfertilized trees, 
but somewhat below that of trees fertilized by the soil perforation 
treatments. 
The difference in growth response to fertilizer placement treatment 
between pin oak and silver maple trees appears primarily to be a function 
of the physiological activity of the trees during the time fertilizer was 
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available, and to different rates and/or efficiencies of fertilizer 
availability among placement treatments. 
Delayed bud break and scarcity of shoot growth of pin oaks in the 
first season placed these trees at a physiological disadvantage for the 
efficient uptake of recently applied fertilizer. In the case of applied 
nitrogen, this is of special importance because of: 1) the rapid biologi-
cal oxidation of ammonium to nitrate in the soil, and consequent suscepti-
bility of nitrate to leaching losses (10, 72); 2) the dependence on leaves 
for nitrogen uptake (28, 31, 40, 46, 56); and 3) the generally greater 
growth response of deciduous shade trees in the Midwest to nitrogen, com-
pared to phosphorus and potassium (5, 16, 17, 49). 
Considering the condition of pin oaks in the first season, the poor 
growth response of trees fertilized by the backfill incorporation treat-
ment could be due to a greater potential for leaching losses of nitrate 
and immobilization of phosphorus (10, 72). Fertilizer applied as surface 
broadcast may have resulted in a relatively poor growth response because 
of potential for surface runoff, and uptake by turf (29, 51, 59, 74). 
Conversely, the relatively greater growth response of pin oaks treated 
with the soil perforation treatment may have been due to a lower potential 
for losses through leaching, immobilization, and turf uptake; and a slower 
or delayed period of availability. The liquid injection treatment, like 
the soil perforation treatment should impart a relatively localized dis-
tribution of fertilizer, although not to the same extent. However, be-
cause at least some of the fertilizer applied in this manner can be ex-
pected to be in solution, the potential for leaching losses should be 
greater. 
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Some indication of different periods of fertilizer availability among 
placement treatments is evident in previous shade tree fertilization 
studies (32, 49). Himelick et al. (32) found thatpinoaks treated with 
dry fertilizer in soil perforations had a greater growth response the year 
following application than did trees fertilized by surface applications or 
liquid injections. Neely et al. (49) found that deciduous shade trees 
fertilized with dry fertilizer in soil perforations had a slightly reduced 
growth response, compared to trees fertilized by surface applications, in 
the year of fertilization, and a reversal of this trend the following year. 
The relatively rapid reestablishment of silver maple may have masked 
possible differences due to placement treatment. A rapid growth response 
by silver maple to NPK-fertilization has been noted in several shade tree 
fertilization experiments (4, 24, 58, 64). 
The lack, in silver maple, of a profound difference in growth response 
to different placement treatments is in agreement with field studies on 
established deciduous shade trees in landscape environments, which have 
compared some (66, 67), or most (17, 32) of the placement treatments em-
ployed in this experiment. 
In the second season, the date of bud break and bud set in silver 
maple, and the date of initial and second bud break in pin oak appeared 
to be unaffected by fertilization or fertilizer placement treatment. 
Kriebel (42) found that the time of flushing and shoot growth cessation in 
sugar maple was under rigid genetic control. However, nitrogen fertiliza-
tion has been found to stimulate an earlier bud break in apple (19) and 
peach (78), and an extended period of shoot extension (56) in apple. The 
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possible influence of fertilization on bud break and bud set in this ex-
periment may have been diminished because of the long period between fertil-
izer application and the measured response. 
Foliar mineral concentration A positive influence of fertiliza-
tion at planting on the foliar N, P, and K concentrations of silver maple 
was confined to the first season. Foliar N, P, and K concentrations of 
silver maple were actually slightly lower in fertilized trees the second 
season. In pin oak, a more positive influence of fertilization on second 
season N concentrations was found, while P and K concentrations were simi-
lar to those of unfertilized trees. A greater dilution in mineral con-
centration due to the greater growth response of silver maple, may be the 
explanation for the greater second season influence of fertilization at 
planting on pin oak. 
Fertilized trees, of either species, had a consistently lower Mg con-
centration compared to unfertilized trees. A reduction in foliar Mg con-
centration has been reported in association with the application of potas-
sium to apple (12), peach (43}, pecan (81), and honey locust (13). 
A considerable increase in foliar Mn concentration was found in fer-
tilized pin oak and silver maple. Because of its tendency to lower soil 
pH (72), ammonium sulfate (used as one of the nitrogen sources in this ex-
periment), is known to have a beneficial effect on soil Mn availability 
(62). Applications of ammonium nitrate have been found to increase the 
foliar concentration of Mn in prune (43) and peach (61). 
Some indication of a different rate of fertilizer availability among 
placement treatments was noted in the first season foliar mineral concen-
trations of silver maple. Fertilizer incorporated into the backfill 
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promoted a higher late July foliar concentration of N than any single 
placement treatment. The disperse initial distribution of fertilizer in 
this treatment may have accounted for the high concentration evident. The in-
corporation of fertilizer in the backfill, compared to the application of 
dry fertilizer in soil perforations, resulted in higher foliar concentra-
tions of N, P, K, Fe and Zn. 
The application of fertilizer by liquid injection seemed to provide 
a relatively rapid availability of fertilizer. Foliar concentrations of 
P, K, Mn, and Zn in trees fertilized by liquid injection were similar to 
those fertilized by the backfill incorporation treatment. 
In pin oak, differences in foliar N, P, and K concentrations were not 
evident among trees fertilized by different placement treatments. How-
ever, some differences in foliar Mg, Fe, and Zn concentrations were evi-
dent. Surface broadcast and backfill incorporation fertilized trees had 
higher first flush foliar Fe concentrations than trees fertilized by 
other placement treatments. The foliar Zn concentration was higher in 
trees fertilized by backfill incorporation than by trees fertilized with 
dry fertilizer in soil perforations. One explanation for the difference 
in foliar Fe and Zn concentrations is that a greater dilution of assimi-
lated Zn and Fe occurred in trees fertilized by placement treatments other 
than backfill incorporation and surface broadcast. 
The relatively high second flush foliar Mg concentration found in 
pin oaks fertilized by backfill incorporation may be an indication of a 
short period of fertilizer availability imparted by this treatment. 
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The application of fertilizer by liquid injection had a considerable, 
but inconsistent effect on the foliar Ca and Mg concentration of silver 
maple and pin oak. The cause of this effect is uncertain. 
Influence of timing, method, and timing x method 
Timing The timing of fertilizer application had a relatively con-
sistent effect on shoot and caliper growth. In both tree species, over a 
two year period, greater shoot and caliper growth was generally found in 
trees fertilized in 1/6 split applications in the spring, midsummer, and 
fall, rather than in 1/4 split applications in the spring and fall, or 
exclusively at planting. The greater total shoot growth found in pin oaks 
fertilized in 1/6 split applications was primarily due to a great stimula-
tion in the third flush of shoot growth. The disadvantage of 1/4 split 
applications of fertilizer may be exaggerated in this experiment because 
no measurement was made of the growth response the year following final 
fertilizer applications. 
Summer applications of nitrogen to apple (19) and pear {71) have 
been found to stimulate a greater current year shoot growth response than 
spring or fall applications. 
The date of 1979 bud break and bud set in silver maple was largely 
unaffected by the timing of fertilizer applications, as was the initial 
date of bud break in pin oak. However, the date of second flush bud break 
was earlier in pin oaks fertilized in 1/4 split applications than in trees 
fertilized in other application sequences. 
Pin oaks fertilized in 1/4 split applications had recetved a greater 
amount of fertilizer in the current (1979) season than had trees fertilized 
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in l/6 split applications at the time of the second episode of shoot 
growth. Gilliam and Wright (27) noted that •Heller;• holly flushed pro-
gressively earlier as the level of ammonium nitrate application was in-
creased. 
The evaluation of the effect of timing of fertilizer appli~ation on 
foliar mineral concentrations was inconclusive. In general, trees which 
had received the greatest amount of fertilizer at the time of leaf collec-
tion, or a fertilizer treatment a short time prior to the time of leaf 
collection, had the highest foliar mineral concentration. Foliar Mn con-
centration was an exception to this trend. In this case, foliar concen-
trations were inversely related to the number of applications. One ex-
planation for this is that a greater acidification of the soil per unit 
soil area occurred with a more concentrated application of fertilizer. 
Method The interaction evident between timing and method of fer-
tilizer placement on tree growth and foliar mineral concentration makes 
the interpretation of the effect of method of fertilizer application dif-
ficult. However, some trends were evident. 
Fertilization of silver maple by liquid injection tended to promote 
a slightly greater shoot and caliper growth response than did fertilizer 
applied as Ross Stakes. In pin oak, only minor differences in shoot and 
caliper growth were evident between trees fertilized by the two placement 
treatments. The dates of bud break and bud set in silver maple and initial 
and second bud break in pin oak were similar between trees fertilized by 
Ross Stakes and liquid injection. 
In general, the foliar mineral concentration of Ross Stakes and liquid 
injection fertilized trees was similar. Silver maples fertilized by liquid 
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injection had higher first season foliar concentration of Mn. Pin oaks 
fertilized by Ross Stakes and liquid injection treatments were not differ-
ent in foliar mineral concentration, except for a higher first flush con-
centration of Ca in Ross Stakes fertilized trees. 
The higher first season foliar concentration of P in silver maples 
fertilized by liquid injection may be related to a more rapid period of 
fertilizer availability imparted by this treatment. The difference in 
foliar concentrations of Ca and Mg is inconsistent between species and time 
of leaf sampling, and, as discussed earlier, the explanation for this 
phenomenon is uncertain. 
The tendency of trees fertilized with Ross Stakes to have a higher 
second season foliar concentration of Mn, compared to trees fertilized 
by liquid injection, could be related to a greater acidification of the 
soil per unit area in this treatment. 
Timing x method The interaction between timing and method of fer-
tilizer placement on the growth response of pin oak and silver maple ap-
pears to be, at least in part, a consequence of a different period of 
nitrogen availability between Ross Stakes and liquid injection treatments. 
A relatively rapid availability of nitrogen applied by liquid injec-
tion, and delayed availability when applied with Ross Stakes is indicated 
in the foliar mineral concentration data of silver maples and pin oaks 
fertilized in split applications. In every instance, when the most recent 
fertilization was at least 90 days prior to leaf collection, Ross Stakes 
fertilized trees had a higher foliar N concentration than did trees fer-
tilized by liquid injection. When the most recent fertilization was less 
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than ·"+5 days prior to leaf collection, trees ferti1 ized by liquid injec-
tion in every instance had a higher foliar N concentration than did 
trees fertilized with Ross Stakes. 
When fertilizer was applied exclusively at planting, a greater caliper 
growth of silver maples fertilized by liquid injection compared to trees 
fertilized with Ross Stakes was noted early in the first season, This 
early advantage in caliper growth was maintained over both seasons. Thus, 
in the case of silver maple, it appears that a readily available fertilizer 
present during the initial establishment period could be of a greater value 
in stimulating growth than fertilizer having a delayed period of availabil-
ity. However, as discussed earlier, it is hard to distinguish between 
fertilizer and water effects in this instance. 
Greater shoot and ca 1 i per growth of trees fertilized with Ross Stakes 
compared to liquid injection fertilized trees was found when fertilizer 
was applied exclusively at planting to pin oaks. The situation may be 
reversed from that in silver maple because of the poor shoot growth and 
delayed bud break of pin oaks in the first season. In this circumstance, 
applied fertilizer, whichwould be expected to have a delayed period of 
availability, should be more effective in promoting a growth response than 
a relatively rapidly available fertilizer. This is underscored by the 
fact that the major difference in growth response between trees fertilized 
by the two placement treatments was not evident until late in the second 
season. 
An approximately equivalent shoot and caliper growth response by sil-
ver maple to 1/4 split applications of fertilizer in the spring and fall 
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by Ross Stakes or liquid injection was evident in both 1978 and 1979. 
The steady and continuous shoot growth of silver maple throughout both 
seasons may have minimized treatment differences. 
When 1/4 split applications of fertilizer were applied to pin oaks, 
a definite superior promotion in growth was evident with Ross Stakes com-
pared to liquid injection. The difference in growth response was primarily 
a consequence of the third flush of shoot growth in the second season. The 
major fertilizer influence on this flush of growth is thought to be the 
spring 1979 application of fertilizer because fall 1979 applications of 
fertilizer were not made until after the cessation of shoot growth. 
One explanation for the apparent disadvantage of readily avail able 
fertilizer in the spring is that N uptake by pin oak in the early spring 
was not as efficient as later in the season. Applications of nitrogen to 
apple (19) and pear (71) trees in the spring have been shown to result in a 
less efficient uptake of nitrogen, compared to applications made in the sum-
mer. Taylor et al. (71) suggested that a lack of available carbon in tree 
roots was the limiting factor for assimilation in the spring. The extreme-
ly intense first flush shoot growth in pin oak could accentuate a shortage 
of available carbon in the roots in early spring. 
The greater shoot and caliper growth of pin oaks and silver maples 
fertilized in 1/6 split applications in the spring, midsummer and fall by 
liquid injection, compared to applications with Ross Stakes, may also be a 
consequence of a greater efficiency of nitrogen uptake in the summer. 
The profound effect of 1/6 split applications of fertilizer by liquid 
injection on shoot and caliper growth was a result of an extreme stimula-
tion in third flush shoot growth in 1979. The timing of fertilizer 
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applications relative to episodes of shoot growth may account for some of 
this stimulation in growth. The midseason application of fertilizer in 
1979 was made near to the time of the end of the second episode of shoot 
extension. Gilliam and Wright (26) found that nitrogen applied to 'Helleri' 
holly after shoot growth cessation and before the start of the next episode 
of growth resulted in a greater shoot growth and total tissue N than ap-
plications during other growth stages. Grasmanis and Nicholas (28) found 
that the greatest rate of nitrogen uptake in apple took place following 
the first peak of shoot growth. 
The trend for second season bud set in silver maple to be earlier when 
fertilizer was applied in l/4 split applications or exclusively at plant-
ing by Ross Stakes compared to liquid injection, and to be earli~r when 
l/6 split applications were made, can be also explained on the basis of a 
difference in the period of fertilizer availability between the two place-
ment treatments. 
Experiment 2 
Scotch pines, fertilized during the spring and summer of transplant-
ing, had a greater increase in caliper and longer needles compared to un-
fertilized Scotch pines. However, no difference in current season terminal 
shoot elongation was found between fertilized and unfertilized trees. 
Associated with the greater caliper and needle length response were higher 
foliar concentrations of N and P and a lower concentration of Mg. 
A similar situation was noted by Gessel and Walker (23), who found a 
marked increase in the foliar N concentration of Douglas fir in the year 
of fertilization, without a concomitant increase in height. ~1ikola (45) 
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noted that annual increase in height of Scotch pine is influenced primarily 
by the temperature of the preceding summer, while needle length and radial 
growth are dependent on current climatic conditions. It is evident from 
this experiment that the application of supplemental nutrients influences 
shoot, caliper, and needle length in a similar manner. 
Fertilization by surface broadcast or soil perforation treatments 
promoted a similar growth response and foliar concentration of minerals. 
Trees fertilized with dry fertilizer (surface broadcast and soil perfora-
tion treatments) resulted in a smaller increase in caliper compared to 
trees fertilized by liquid injection, but no difference in needle length 
of foliar mineral concentration. 
Subsurface compared to surface irrigation of Scotch pine appeared to 
have limited value. Only minor differences in growth response and mineral 
concentration were noted between unfertilized trees watered by liquid in-
jection, and those watered by surface irrigation. 
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SU~1~1ARY 
All tree species tested - silver maple, pin oak and Scotch pine -
showed a positive growth response to NPK fertilization during reestablish-
ment. Associated with the positive growth response were elevated first 
year foliar concentrations of N, P, and Kin silver maple, and of Nand K 
in Scotch pine. 
The effect of fertilization methods made exclu~ively at planting on 
tree growth was dependent on the tree species tested. Silver maples had 
a dramatic growth response regardless of the method of fertilizer placement. 
The same treatments applied to pin oaks resulted in the greatest growth 
response when Ross Stakes, Jobe's Spikes and liquid injection treatments 
were used as compared to backfill incorporation and surface broadcast 
treatments. 
The slow reestablishment of pin oak seems to have placed at an ad-
vantage those treatments which could be expected to have a delayed period 
of nutrient availability and/or less potential for losses through leaching 
and turf uptake (Jobe's Spikes, Ross Stakes, and liquid injection), while 
in silver maple the rapid reestablishment may have minimized possible 
treatment differences. 
A comparison of timings of application (Ross Stakes and liquid injec-
tion treatments) showed a greater growth response by pin oaks and silver 
maples to six 1/6 split applications in the spring, midsummer, and fall 
over a two year period, than to applications made exclusively at planting, 
or in four 1/4 split applications in the spring and fall for two years. 
The single treatment promoting the greatest growth response in either 
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species was the 1/6 split application treatment applied by 1 iquid injec-
tion. On the basis of growth and mineral concentration data, applications 
of fertilizer with Ross Stakes appeared to have a more delayed period of 
availability than did applications by liquid injection. 
Scotch pine had an approximately equivalent foliar mineral concentra-
tion and needle length response to multiple applications of fertilizer 
made by the soil perforation, 1 iquid injection, and surface broadcast 
treatments. The caliper growth of liquid injection treated trees was less 
than that of those treated by the soil perforation or surface broadcast 
treatments. No difference in growth response or foliar mineral concentra-
tion was found in surface compared to subsurface irrigated trees. 
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APPENDIX 
Table Al. The influence of fertilization method on the caliper, height, spread, and shoot extens-ion 
of Acer saccharinum, 1978 and 1979 
Annual growth rate (em) 
Treatment method Cali~er Height S~read Shoot extensiona 
1978 1979 1978 1979 1978 1979 1978 1979 
At ~lanting onl~ 
Control 0.98 1. 27 27.3 36.7 18.3 68.2 34.5 55.8 
Liquid injection 1. 61 1.83 65.2 72.2 42.8 100.5 63.7 80.2 
Surface broadcast 1.38 1.68 48.5 52.5 44.3 97.7 55.5 71.8 
Backfill incorp. 1.46 1. 70 57.4 68.7 34.8 76.2 57.0 74.3 
Jobe's Spikes 1.48 1.86 67.2 51.3 40.2 81.0 61.5 75.5 
Ross Stakes 1.30 1.63 47.7 70.2 37.5 93.8 55.0 81.7 
S~ring-fall/two ~ears 
1.0 
Liquid injection 1.25 1.77 44.0 78.5 27.0 79.8 42.3 69.3 
...... 
Ross Stakes 1.30 1.77 54.8 57.8 45.0 102.8 52.7 71.2 
S~ring-midsummer-fall/two ~ears 
Liquid injection 1.45 2.18 64.0 62.2 32.8 105.2 60.0 84.5 
Ross Stakes 1.28 1.59 49.2 63.2 32.5 83.2 53.8 62.5 
aThe mean length of the ten current-season shoots growing to the greatest length each season. 
Table A2. The influence of fertilization method on the caliper, height, spread, and shoot extension 
of Quercus palustris, 1978 and 1979 
Annual growth rate (em) 
Treatment method CaliQer Height SQread Shoot extensiona 
1978 1979 1978 1979 1978 1979 1978 1979 
At Qlanting onl~ 
Control 0.26 0.49 2.8 23.7 6.0 31.0 99.5 428.4 
Liquid injection 0.37 0.71 3.8 18.3 8.5 46.2 135.0 703.8 
Surface broadcast 0.26 0.46 2.2 15.0 7.3 40.2 95.3 480.2 
Backfill incorp. 0.22 0.55 3.4 16.2 2.6 33.0 65.8 464.0 
Jobe•s Spikes 0.32 0.83 5.0 19.3 12.2 50.2 104.0 649.8 
Ross Stakes 0.33 0.88 10.2 20.0 11.0 44.8 193.7 701.5 
SQring-fall/two ~ears 
Liquid injection 0.29 0.71 2.7 13.2 3.0 32.2 74.8 572.2 1..0 N Ross Stakes 0.31 0.95 3.8 14.2 8.0 40.4 102.0 625.2 
SQring-midsummer-fall/two ~ears 
Liquid injection 0.21 1.29 3.2 23.0 5.7 61.3 87.8 1058.3 
Ross Stakes 0.29 0.85 5.3 23.4 8.2 38.6 120.2 659.1 
aTotal length of all current-season shoots. 
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Table A3. The influence of fertilization method on the total shoot exten-
sion produced in each flush of shoot growth by Quercus palus-
tris during the 1979 growing season 
----Total shoot extension (em)----
Treatment method 
At planting only 
Control 
Liquid injection 
Surface broadcast 
Backfill incorp. 
Jobe's Spikes 
Ross Stakes 
Spring-fall/two years 
Liquid injection 
Ross Stakes 
First flush 
263.7 
432.3 
347.5 
319.4 
397.3 
386.8 
334.7 
282.8 
Spring-midsummer-fall/two years 
Liquid injection 
Ross Stakes 
333.8 
269.3 
Second flush 
164.7 
271.5 
129.0 
144.6 
242.2 
283.7 
228.0 
192.2 
393.3 
337.6 
Third flush 
0.0 
0.0 
3.7 
0.0 
10.3 
31.0 
9.5 
150.2 
331.3 
52.2 
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Table A4. The influence of fertilization method on the date of bud break 
and bud set of Acer saccharinum in 1979 
Treatment 
method Day of bud breaka Weeks after September 7 
At planting only 
Control 
Liquid injection 
Surface broadcast 
Backfill incorp. 
Jobe•s Spikes 
Ross Stakes 
Spring-fall/two years 
Liquid injection 
Ross Stakes 
Spring-midsummer-fall/two years 
Liquid injection 
Ross Stakes 
4.6 
4.6 
4.6 
4.0 
6.0 
4.0 
4.0 
4.0 
4.6 
4.0 
3.0 
2.2 
2.0 
1.7 
2.2 
3.3 
2.7 
3,3 
3.7 
2.0 
aThe stage of bud development was measured at four day intervals. 
Measurement of bud break commenced on May 4. 
95 
Table A5. The influence of fertilization method on the date of the 
first flush and second flush bud break on Quercus palustris 
in 1979 
Treatment 
method 
At planting only 
Control 
Liquid injection 
Surface broadcast 
Backfill incorp. 
Jobe•s Spikes 
Ross Stakes 
Spring-fall/two years 
Liquid injection 
Ross Stakes 
Spring-midsummer-fall/two years 
Liquid injection 
Ross Stakes 
Day o~ 
first flush 
bud break 
10.0 
9.2 
10.0 
10.8 
8.8 
10.0 
10.5 
10.2 
10.5 
10.0 
Day of 
second flush 
bud break 
51.2 
52.8 
54.0 
52.8 
50.0 
50.8 
49.2 
47.2 
52.0 
50.0 
aThe stage of bud development was rated at four day intervals. Mea-
surement of bud break commenced on May 4. 
Table A6. The influence of fertilization method on the mineral concentration of leaves of Acer 
saccharinum. Sampled July 27, 1978 
Treatment Mineral concentration 
method ~ercent { dr~ wt} ~~m (dr~ wt) 
N p K Ca Mg Mn Fe Zn 
At ~lanting onl~ 
Control 2.33 0.19 0.54 0.96 0.26 206 210 31 Liquid injection 3.15 0.23 0.73 1.10 0.25 396 195 34 Surface broadcast 2.98 0.22 0.78 0.97 0.23 339 182 33 Backfill incorp. 3.30 0.23 0.76 0.97 0.22 386 207 34 Jobe's Spikes 2.86 0.19 0.74 0.98 0.21 166 165 23 Ross Stakes 2.99 0.21 0.73 0.96 0.23 229 186 28 
S~ring-fall/two ~ears 
\.0 Liquid injection 2.50 0.19 0.59 0.98 0.25 161 192 29 ()) Ross Stakes 2.87 0.18 0.66 0.97 0.22 216 173 29 
S~ring-midsummer-fall/two tears 
Liquid injection 3.08 0.21 0.61 1. 06 0.27 139 207 28 Ross Stakes 2.82 0.21 0.67 1. 00 0.24 147 182 28 
Table A?. The influence of fertilization method on the mineral concentration of leaves of Acer 
saccharinum. Sampled August 5, 1979 
Mineral concentration Treatment 
percent {drt wt} eem (drt wt) method 
N p K Ca ~~g Mn Fe Zn 
At elanting onlt 
Control 2.40 0.23 0.70 1.51 0.35 95 213 44 Liquid injection 2.26 0.23 0.67 1.55 0.34 148 199 40 Surface broadcast 2.15 0.20 0.65 1.51 0.30 208 196 48 Backfill incorp. 2.16 0.21 0.61 1.48 0.30 173 211 40 Jobe•s Spikes 2.07 0.19 0.60 1. 52 0.31 208 195 47 Ross Stakes 2.27 0.22 0.65 1. 52 0.33 193 215 47 
sering-fall/two tears 
1.0 Liquid injection 2.10 0.23 0.59 1.48 0.32 141 207 50 -.....! Ross Stakes 2.17 0.19 0.63 1.46 0. 29 174 168 37 
Sering-midsummer-fall/two tears 
Liquid injection 2.46 0.23 0.68 1. 55 0.34 96 218 39 Ross Stakes 2.24 0.26 0.69 1.57 0.34 150 191 41 
Table A8. The influence of fertilization method on the mineral concentration of leaves of Quercus 
palustris. Sampled June 30, 1979 
Treatment Mineral concentration 
method eercent (dr~ wt) Pem (dr~ wt) 
N p K Ca Mg Mn Fe Zn 
At elanting onl~ 
Control 2.17 0.14 0.61 1.38 0.28 118 116 37 Liquid injection 2.36 0.13 0.57 1. 25 0.24 881 114 32 Surface broadcast 2.32 0.14 0.58 1.35 0.29 1008 125 33 Backfill incorp. 2.37 0.14 0.58 1. 29 0.26 974 124 37 Jobe's Spikes 2.22 0.14 0.60 1. 31 0.25 610 107 30 Ross Stakes 2.37 0.14 0.60 1. 34 0.27 711 113 32 
SQring-fall/two tears 
Liquid injection 2.34 0.14 0.57 1.33 0.26 213 108 38 1.0 00 Ross Stakes 2.38 0.14 0.59 1.40 0.28 358 118 32 
Sering-midsummer-fall/two tears 
Liquid injection 2.31 0.14 0.57 1.26 0.27 141 109 35 Ross Stakes 2.26 0.14 0.59 1.34 0.27 216 118 34 
Table A9. The influence of fertilization method on the mineral concentration of leaves of Quercus 
palustris. Sampled August 13, 1979 
Treatment --Mineral concentration 
~ercent (dr,l wt) ~~m {dr,l wt) method 
N p K Ca ~1g Mn Fe Zn 
At ~lanting onl,l 
Control 2.03 0.12 0.55 1.17 0.27 86 108 33 Liquid injection 2.10 0.13 0.62 1. 20 0.23 452 107 37 Surface broadcast 2.16 0.13 0.53 1.16 0.23 607 112 30 Backfi 11 i ncorp. 2.03 0.13 0.59 1.17 0.27 508 109 35 Jobe's Spikes 2.07 0.14 0.63 1.12 0.21 609 113 33 Ross Stakes 2.24 0.13 0.57 1.14 0.23 645 110 34 
S~ring-fall/two ,lears 
1..0 
1.24 0.25 1..0 
Liquid injection 2.07 0.14 0.58 244 112 42 Ross Stakes 2.17 0.14 0.63 1.19 0.23 340 117 41 
S~ring-midsummer-fall/two ,lears 
Liquid injection 2.39 0.17 0.67 1.13 0.22 161 135 48 Ross Stakes 2.29 0.13 0.59 1.10 0.22 206 117 37 
~ 
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Table A10. The influence of fertilization method on the increase in 
caliper, length of current-season terminal shoot, and average 
length of needles on the terminal shoot of Pinus sylvestris 
in 1979 
Treatment 
method 
Surface irrigation 
Subsurface irrigation 
Solution injection 
Surface broadcast 
Soil perforation 
Increase in 
caliper (em) 
0.87 
0.97 
1.14 
1. 43 
1. 33 
Length of 
terminal (em) 
19.4 
18.8 
19.8 
21.8 
19.8 
Length of 
needles (em) 
4.6 
4.2 
5.1 
5.7 
4.8 
Table All. The influence of fertilization method on the mineral concentration of needles of Pinus 
Sampled September 28, ·1979 ·~ sylvestris. 
Treatment Mineral concentration 
method 12ercent (dr.l: wt} Pi2m (dr.l: wt) 
N p K Ca Mg Mn Fe Zn 
Surface irrigation 1. 20 0.12 0.38 0.40 0.17 89 131 29 
Subsurface irrigation 1. 24 0.14 0.41 0.41 0.14 107 147 36 
Solution injection 1.59 0.14 0.48 0.42 0.13 77 133 25 
Surface broadcast 1.59 0.13 0.54 0.36 0.12 75 146 22 
Soil perforation 1.62 0.13 0.42 0.35 0.13 81 136 32 ..... 
0 ..... 
